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SERPENT-FEEDING.
By Dr. Arthur Stradling, C.M.Z.S.

SNAKES in captivity under proper conditions are a
fairly healthy, though by no means a long-lived,

race. The largest specimen at the Zoological
Gardens is the oldest inhabitant amongst the
Ophidia in the Eeptile House, the great reticulated

python, measuring about twenty-six feet in length, pre-

sented by Dr. Hampshire in 187G—the oldest snake and,

indeed, the oldest reptile, as far as residence in the
menagerie goes, but not absolutely the most venerable
denizen of the Reptilium, a distinction enjoyed at the
present time by a blind example of AuiphiwtiK minnx, which
arrived there more than a quarter of a century ago. In my
own vivarium, serpents have survived for twenty-one years
after capture or birth in my cages ; of the former, one at

least had reached full maturity in the wild state. Of their

normal duration of life under natural conditions we, of
course, know nothing—no more than we do of any other
animal. The struggle for existence must be a very severe
one in their case, owing to their comparatively defenceless
organization, and the fact that they are exceedingly popular
as an article of diet with a vast number of creatures,

circumstances which must conduce speedily to the exter-

mination of any species within any given area, were it not
for their abundant fecundity. Broods of young ones vary
from thirty to a hundred in number.

Kept in confinement, they develop very few diseases

liable to be attended with fatal results. They catch
common colds, manifested by nasal catarrh and congestion,

more or less inflammatory, of the air passages ; they are

somewhat prone to flatulent dyspepsia, and at times sufl'er

from something closely akin to muscular rheumatism, but
from these ailments they usually recover. A certain localized

effusion of blood, nearly allied to imrpHia in the human
subject, is an afl'ection of more serious import ; and cysts

filled with cheesy matter, or fibrous tumours especially apt

to undergo calcareous degeneration, may kill, but the

presence of either, of enormous growth, is perfectly com-
patible with prolonged existence, provided that it does not
press on any nerve or organ, the function of which is

essential to life. A coral snake in my own collection just

now has had a constant succession of small tumours,
extending in a chain along the " keel " of its back through-
out its whole length ; they are freely movable on the

subjacent parts, and are in no way connected with the

spine, and I have therefore removed them as fast as they

appeared, the creature remaining in perfect health. I may
mention here, as a pathological curiosity, that I once found

an imperfect skeleton of a serpent in an ants' nest in

Nicaragua, associated with which was a large mass of

calcareous material, presenting unmistakable evidence of

being a morbid growth which had undergone that peculiar

form of degeneration ; and it furthermore proved that the

reptile so affected was a female. The most characteristic

and deadly complaint from which caged snakes suffer is

that known as " canker ''—a disease which manifests itself

by a thick, white, membranous efflorescence about the

interior of the mouth and fauces, and which very closely

simulates diphtheria in its symptoms and progress, even to

the circumstance that its gravity depends in one class of

cases mainly on the nature of the local development, while

in another the constitutional and general effects are of far

more importance. Canker appears to originate from cold,

and is, I believe, unknown in the tropics ; in certain stages

it is contagious, and in all it is almost inevitably fatal.

An attempt was made not long ago to establish the identity

of this malady with tubercle, and its prevalence in

menageries was ascribed to the practice of feeding the

serpents with birds infected with avian consumption ! The
possibility of cultivating the tubercle bacillus within the

body of a snake seemed at first to lend some slight

plausibility to this wild hypothesis, but it was pointed out

that, in a creature whose life-processes are so sluggishly

performed, and so tolerant of adverse environment, culti-

vations of bacilli may be effected in precisely the same
way as in a laboratory test-tube—that is to say, without

any real vital invasion.

Whence, then, comes the great mortality amongst captive

ophidians, since they enjoy what is a veritable immunity
from disease, compared to the hygienic record of importa-

tions from the forests and jungles in other walks of animal

life '? It is safe to assert that not one in fifty of all the

specimens caught survive—even of those which have

sustained no injury in becoming prisoners, and which
reach comfortable quarters in Zoological Gardens or the

vivaria of amateurs. And this difficulty of maintenance

arises from the singular and inexplicable fact that the vast

majority of them never feed after capture, but undergo

voluntary starvation in the presence of an abundance of

suitable food.

Capricious and absurdly selective as snakes are in the

matter of diet, it would seem at first as if all of them must
run the risk of perishing from starvation even in a state

of nature, when we consider their numerous and apparently

i
overwhelming disabilities. Destitute of hands, feet, fingers
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and claws—with no faculty of scent for the tracking of

prey, nor rapidity for pursuit—and withal one of the most
shortsighted animals on the face of the earth (I consider

that no snake can see anything distinctly at a distance

equal to twice its own length), it must depend, one would
think, for its sustenance on such creatures as happen
to run literally against its nose. Yet it is remarkably
fastidious in its choice of food, every species being prac-

tically limited to one or two articles of diet, in defect of

which they will absolutely starve to death, though enjoying

abundant opportunities of partaking of other things just

as conducive to nutrition. Individual specimens, too,

belonging to the same species, exhibit marked prejudices

and predilections with regard to what they eat and drink.

Among my own snakes I find that one will accept guinea-

pigs and nothing else, while its brother may betray quite

as keen and exclusive a preference for rats or rabbits. All

certainly have one great advantage which helps them to

maintain this rigid attitude of selection, and that is the

phenomenal length of time during which they can fast

compatibly with the preservation of health, as well as the

relatively small amount of food necessary to them to

support their lowly-vitalized existence and even to provide

for growth. Our common grass-snake, which attains a

length of four feet or more, probably does fairly well if it

gets six good frogs a year. Here, at any rate, is a fine

and vigorous example of its near relation, the viperine

snake of the South of Europe, which has contented itself

with for.r medium-sized frogs per annum during the

eight years that it has been in my possession, though it

might have swallowed ten times that number had it chosen
to avail itself of its privileges. Like most animals in

captivity, serpents when they do consent to feed frequently

grow to dimensions not exemplified amongst those remaining
in their native haunts, owing to the excess and regularity

of the supply of nourishment. All of them will take small
animals rather than large, catrn's iKiribiif: ; the python or

anaconda capable of swallowing a deer will most likely be
found to live on creatures about the si5:e of rabbits, and will

undoubtedly thrive better thereon. Hugely dispropor-

tionate meals, though not unknown, are probably rare
amongst wild snakes, and indeed are not altogether devoid
of danger, since the morsel will sometimes decompose in

the stomach before the whole of it can be submitted to the
action of the gastric juice, a state of aflairs leading to

vomiting, inflammation of the lining mucous membrane
of the intestine, and perhaps death. A young python of

my own managed to draw itself over a large rabbit intended
for a bigger cagemate ; it swelled almost to bursting with
the gaseous products of decomposition, and at last (after

eight days) rejected the meal in a horribly fcptid condition.

It never fed again, and could not retain the lightest forms
of peptonized aliment introduced into its stomach, not
even the bodies of small animals killed by rattlesnakes, I

believe the venom of a viperine serpent to be the most
powerful solvent of albumen to be found in nature, flesh

thoroughly impregnated with a full injection of the fluid

being already on the high road to digestion. Not only
snakes but other animals will retain and - absorb food
treated in this way when all else is regurgitated.

One need be in no hurry to resort to an artificial process

of administering nourishment in order to avert death by
starvation in the case of a snake. As a matter of fact, I

always give mine three or four months, after arrival, to

recover from the disturbance to the nervous system entailed

by capture and transit, unless they should happen to be in

a preternaturally feeble condition. It is hardly credible

to those who have not lived in constant association with
these reptiles that they may exist for two years or more

without any food whatever, and yet enjoy perfect health
and possibly feed well at the end of that time—this, too,

be it remembered, in a temperature which ensures the

maintenance of their bodily activity all the while, and not
in a state of torpid hybernation. A fine boa constrictor of

mine took a meal on or about Christmas Day, 18H1.

Throughout the whole of 1882 and 18S3 it refused all food,

though it continued well, shedding its skin at regular

periods, and ' curling up " in a normal manner (a restless

snake, one that is always roaming about its cage, may
be suspected of being ill, while a healthy one spends
the greater part of its leisure quiescent, with its folds

disposed one above the other). It began to eat again
in .January, 1884, and has fed freely ever since. Another
member of the same species, one of the brood of thirty-

one to which the Panama boa at the Zoological Gardens
gave birth on the 30th of June, 1877, developed a huge
cruciform tumour in the neck when it was six years

old, the pressure of which interfered with its swallowing,
though it did not prevent respiration ; it did not die

until it had undergone a period of twenty-two months'
abstinence, and even then the proximate cause of its

decease appeared to be the loss of nerve force. Similar

instances might be culled from the records of most mena-
geries where the Ophidia are kept in any numbers.
A serpent, under normal circumstances, sheds its skin at

intervals of from three to six weeks, very young specimens
more frequently, very old ones not so often. This function

does not depend upon the question of feeding, though it

may be modified thereby, and is also liable to be hastened
or retarded by the character of the food. It is also inde-

pendent of the phenomena of growth. For some days

—

possibly a week or two—before this shedding of the

cuticle, the serpent never eats ; but directly the epidermis

is cast, it is ready and eager for prey. It usually happens,

however, that an exception to this rule occurs once in the

course of the year, when the creature remains from one
shedding to the next, or perhaps passes over two, without

taking a meal ; and I have observed that this corresponds,

roughly, with the time of its hybernation in its native

habitat. The trait wears out in a few years, but if it

should produce offspring soon after its reception into

captivity, the young ones will exhibit the same peculiarity.

The reader will please understand that all my remarks
in the course of this paper apply to serpents kept always,

summer and winter, at full feeding heat, and never allowed

to become torpid from cold. The act and fact of swallowdng

a meal may be taken as the criterion of the temperature at

which they should live, since the process of swallowing

food is absolutely the most severe exertion which snakes are

called upon to perform throughout their whole existence,

as those who have witnessed the spectacle will readily

believe. Even the lightning flash, coil, and crush of the

constrictors involves a less expenditure of force ; a python
will kill at a degree of warmth lower than that which is

necessary to induce it to eat.

For several years I have resorted with singular success

to a method of feeding the serpents in my collection by
artificial means, under what are apparently very abnormal
conditions, a success which is so marked, both as regards

the welfare of the creatures which have always been objects

of the highest and most affectionate interest to me, and
my own convenience in keeping them, that I think seriously

of dispensing with my larder of animated provisions

altogether, and for the future bringing up every inmate of

my Reptilium, "feeder" and " starver " alike, by hand.
At such intervals as experience teaches me to consider

suitable, I open their mouths and simply fill them up with
pieces of raw meat, without taking into account what their



>lo

'^'Joa,

iii ^ooiciyji



t?

o

< ^
a, ^
o "

3
=

o -

if) -

a;

o

W .2P

o -

H :3

H

1^



January 1, 1895.] KNOWLEDGE. 3

" natural " diet may be—ducks, frogs, rats, mice, pigeons,

lizards, guinea-pigs, rabbits, other snakes, small birds, or

what not. And I have proved to demonstration that they

thrive better, keep more healthy, and become tamer, when
submitted to this process, than do any which are willing to

depend upon their own exertions for their subsistence. A
moiety of the individuals of the same broods, as well as

fresh arrivals selected at random from a group of the

same size, weight, and condition, have been so treated by

me to the number of some hundreds, and in almost every

case have grown bigger than those which fed voluntarily,

while, even setting aside starvation, my losses by death are

almost "(7. The other day I sent to the Zoological Society's

Gardens a diamond snake of a size never seen there

previously, reared in this way ; and I am able to keep alive

and in grand condition delicate species like some of the

tree-boas, shy feeders such as the smooth ' snake and
viper, and those whose food in ordinary—consisting of

lizards or their own kind—would be well-nigh impossible

to procure in sufficient quantity, like the coral snakes of

tropical America. Furthermore, I have at the present

moment a Trinidad boa which broke its jaw some years

ago, and a West African python with a stricture of the

(Psophagus, the result of injury received in capture, both of

which are fat and happy, though quite incapable of feeding

themselves.

Pure tlesh I soon found to be too stimulating for them,
causing them to shed their skins too frequently ; so, when
I have them, I add some dead frogs or common mice. In

default of these, a handful of feathers or cinders, or pieces

of soft string wrapped round the lumps of meat, do just as

well, supplying the place of the bones, fur, or feathers of a

swallowed animal as a mechanical aid to the digestive

function. Newly-hatched specimens, which I used to treat

with raw beef tea, mixed for digestive reasons with arrow-

root or curdled milk, I now cram with meat in precisely

the same way. I should say here that every snake will

drink of its own accord, so that it is not necessary to

administer water artificially. A boa or python ten feet

long gets three pounds of beef or horseflesh about once a

month on an average, and other snakes more or less

according to their size ; though there can be no absolute

rule with regard to this, not even in the case of the same
individual. A minor advantage of this plan lies in the fact

that there is little or no fajcal excrement, the meat being

wholly susceptible of conversion and absorption. The
cages, therefore, require cleaning much less often, while

the pure sohd uric acid, which is excreted in large quantities

by the kidneys, is saleable for laboratory purposes to the

manufacturing chemists at a price varying with the market
from five to ten shillings per pound. Serpents appear to

have very little power of assimilating fat—some kinds less

than others ; if this be given in any quantity, it is simply

poured oft' by the intestine, mixed with bile.

Cramming, though infinitely more convenient than the

maintenance of an unlimited number of live birds, beasts,

and reptiles to serve as food, has its little difficulties.

The subject of this delicate attention positively refuses

any connivance therewith under all circumstances, even
though it be starving to death, and manifests the
most determined opposition throughout—and four or

five yards of demonstrative disfavour is no mean factor

of antagonism in any mundane concern. The first

thing is to get a good grip of the neck, just behind the head,
with a degree of firmness whicli will do no injury and yet

prevent escape, a grip only to be acquired by habitude.

(It is extraordinary how one gains a sort of tactile instinct

in dealing with these creatures, a kind of muscular sense

which tells one what they are going to do.) For small

ones, a bag may be recommended to restrain the move-
ments of the body ; but with the larger constrictors, pythons,
and anacondas there is nothing for it but a rough and
tumble struggle on the floor, and the use of bare hands,
the legs, and stockinged feet. With a silver spatula I open
the jaws by firm but gentle pressure in front, always
taking advantage of the position to examine the mouth for

the earliest signs of " canker." The interior should be

dry and white ; at the outset of canker the mucous mem-
brane is swollen and has the appearance of red velvet,

bleeding on the slightest touch, and flecked here and there

with white aphthous spots. Then my assistant thrusts a

piece of meat between the triple rows of teeth, and with
the hand at liberty I push it down fairly into the stomach,
using for the purpose a flexible india-rubber rod, but

relying chiefly on pressure above the lump on the gullet

outside. Very often we are compelled to hold on with all

our might for a considerable time to prevent its return ; but

we are generally successful, and I think I may say that we
do not experience the disaster of regurgitation once in five

hundred crammings now—we were not so lucky at first,

but have learned a good deal since then. And it is my
earnest conviction that if this process were adopted in

Zoological Gardens and other menageries, it would not
only prevent the dreadful waste of ophidian life which
goes on at present, but would result in an enormous
economy of time and money, and might, moreover, admit of

the solution of sundry physiological problems of the

deepest interest.

SPOTS AND STRIPES IN MAMMALS.
By E. Lydekkeh, B.A.Cantab., F.R.S.

THOSE of our readers who have considered the
subject at all are probably aware that, in those
animals whose fur is ornamented with dark or

light markings, these markings generally take the

form either of longitudinal or transverse bands, or

of spots ; the latter being frequently arranged in more or

less distinctly defined longitudinal lines, but never in

transverse bands. Moreover, these markings, especially

in the case of stripes and bands, are generally most
developed on the upper surface of the body, although spots

may be equally present on both the upper and the lower
surfaces of the body. Many mammals, again, whether
they be spotted or whether they be striped, have their

tails marked by dark rings on a light ground ; but this

feature is also present in others in which the colour of the

body is of a uniform tint. It must not, however, be
supposed that there is any sharply-defined distinction

between spotted and striped mammals, many of the civets,

as well as some of the cats, having markings intermediate

between true spots and stripes. Spots, again, are some-
what variable in configuration, some animals, like the

hunting-leopard, having solid circular dark spots, while in

others, such as the leopard and jaguar, they assume the

form of dark rings enclosing a light centre. In other

cases, as in the girafle, the spots are enlarged so as to

form large and more or less quadrangular blotches.

A survey of a museum or a menagerie will likewise

show that spots and stripes are by no means equally

prevalent in all groups of mammals. In the apes, monkeys,
marmosets, and lemurs, for instance, they never occur

;

and when these animals are diversely coloured, the colora-

tion takes the form of patches symmetrically disposed on
the two sides of the body, but otherwise not following any
very clearly defined mode of arrangement. Then, again,

in the hoofed mammals, or ungulates, many species are



KNOWLEDGE. [Jaxuaky 1, 1895.

more or less uniformly coloured ; although the zebras are
notable instances of transversely striped animals, while
the giraft'e is an equally marked example of the blotched
type of coloration. Among the even-toed (Artioilacti/lf)

subdivision of this order it may be also noticed that while in

the more specialized forms, such as wild cattle and sheep,
the coloration is more or less uniform, many of the
antelopes show white transverse stripes on a dark ground.
Dark transverse stripes are, however, known only in the
case of the little zebra-antelope {CcplialDphus dorim) of
Western Africa, and the gnus ; while, although a lateral

dark Hank-stripe is present in some antelopes, and in the
gazelles, none of these animals have the whole body
marked by longitudinal dark stripes. In the case of the
deer, it may be observed that a few species, like the fallow
deer and the Indian spotted deer, are marked with
longitudinal rows of white spots at all ages ; while if the
former be examined, it will be found that in many instances
the young are similarly marked, whereas the adults are
uniformly coloured. A similar state of things occurs
among wild pigs and also in the tapirs, from which we
are naturally led to infer that in this group of mammals,
at least, a spotted or striped type of coloration is the
original or generalized condition, while a uniformly
coloured coat is an acquired or specialized feature. And
we shall find that this will hold good for other groups.
Turning to the carnivorous mammals, we shall find that

in many families, more especially the cats, hyenas, and
civets, stripes and spots are far more generally present
than a uniform coloration; although some groups, such as
the bears, form a marked exception to this rule, the
majority of the species being uniformly coloured, while
none are striped or spotted. In some species of the weasel
faniily—notably the badgers—it may be also noticed that
while the sides of the head are marked by longitudinal dark
and light stripes, the remainder of the body is uniformly
coloured. And it may be mentioned here that
animals, such as

many

type of coloration recalling the " speculum " on the wing
of a duck.

We might extend our survey to other orders of mammals,
but sufficient has been said to indicate the variability of
the prevalent type of coloration in different groups, and
we may accordingly now proceed to give a list of some
more or less well-known mammals arranged according to

the plan of their markings.
1. Mammals ivith dark hmijitudinal stripes. — Striped

mangooses [Golidictis) of Madagascar, in one of which the
stripes are very narrow and close, while in the other they
are broader and more widely separated ; these animals
belonging to the civet family. The three-striped palm-
civet (Antogale). The genet, the markings here tending
to break up into spots. The three-striped opossum. The
palm-squirrel, and chipmunks (Tamias).

In all the above the stripes are dark upon a greyish
ground, but in the following they take the form of black
and white stripes, the white area being generally the larger

;

and it may be noted that all belong to the weasel family.

They include the skunks, the South African weasel
{Pcniliiyale), and the Cape polecat f

Ltiony.v) ; while similar

markings obtain on the head of the badger.
2. Mammals irith dark spots.—These may be divided into

several sub-groups, according to the form of the spots.

Those in which the spots are small, more or less nearly

circular, and solid, include the hunting-leopard, the tiger-

cat, the lynx, the spotted hyfena, the large-spotted civet

(Virerra mcgaspila) the African linsang (Poiana), and the

young of the puma. The blotched genet {(renetta tii/rina)

forms a transition to blotches. While some of the civets are

more or less distinctly spotted, in others the coloration is

intermediate between spots and longitudinal stripes.

As species in which the spots are enlarged to form more
or less quadrangular blotches, we may cite the giraffe and
those Oriental civets known as linsangs.

By a splitting-up of a simple spot into a more or less

don keys and dun-
coloured horses,

retain a longi-

tudinal dark
stripe down the
back, frequently

accompanied by
dai'k transverse

barsonthelimbs,
while a uniform
coloration pre-

vails elsewhere,

In the gnawing
mammals, or ro-

dents, although
many species are

uniformly co-

loured, stripes

and spots are

prevalent ; and a

survey of the col-

lection of these

animals in a good museum will show that, whether the pat-
tern take the form of stripes or of spots, the arrangement is

invariably longitudinal and never transverse
; and it may

be observed that when spots are present, these are invariably
light-coloured on a darker ground. Although in many
cases the longitudinal stripes occupy the whole or a con-
siderable portion of the upper surface, in some of the
squirrels they are reduced to a dark and light stripe, or
even a single light stripe on each flank, this remarkable

^y

Flo. 1.—Tlu- Australian Tlnlac (From AVatorhouse.)

complete ring of smaller ones, we have the rosetto-like type
of ornamentation, as exemplified in the leopard, the snow-
leopard, and the jaguar. In the two former the ring encloses
a uniform light area ; but in the latter the central area
generally carries one or more dark spots. A further develop-
nient of the ring leads to the so-called clouded type, as
displayed by the Oriental clouded leopard, the marbled cat,
and the American ocelot. Here the ring becomes enlarged
into a large squarish or oblong area, enclosing an area of
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darker hue than the general ground-colour of the fur, and

bordered by a narrow black line ; the black line in the two

former species being, however, confined to the hinder half

of the cloudings.

3. Mioninah iiitli dark tntnsrersc stri/ics,—Tiger, young
lions, wild cat, striped hyrena, aard-wolf {Pmtch's), banded

civet (Hi'iiiiiiale), banded mangcose (C'cos.snrc/n/s), zebra-

antelope, gnus, zebras, thylacine (Fig. 1), and the water-

opossum (Chirontrti's). Among these, it may be noted

that in the zebras the stripes on the hind-quarters have a

more or less marked longitudinal direction; and whereas in

the true zebra and Grevy's zebra they consist of simple

dark bands on a light ground, inBurchell's zebra the light

areas between the dark stripes are traversed by an inter-

mediate stripe of somewhat darker hue than the ground-

colour.

4. Mammals iritit irhite ipots arranged in lorujitiuUnal

lines.—Fallow deer and Indian spotted deer
;
young tapirs ;

the paca (Cai<iijcnt/s) among the rodents ; and the dasyures

among the marsupials. Both in young tapirs and the

paca the spots tend to coalesce into more or less complete

longitudinal stripes,

5. 2[a})n)ial'< irit/i iihitf transrerse hands.-— The kudu,

eland, bongo (I'ra^/fla/i/ius anijasi), and harnessed antelope

{T. scriptus), among the antelopes, and Gunn's bandicoot

[Peramcles i/imni) and the banded auteater {Mi/niwcnhiKs')

among the marsupials. In the harnessed antelope spots

occur as well as stripes.

Many other species might be incorporated in these lists,

but the foregoing instances are sufficient to show that no
one type of coloration is confined to any particular group,

although it may be much more common in one assemblage
of animals than in another.

Several attempts have been made to reduce the coloration

of animals to some general law, and among these one of

the most notable was published some years ago by Prof.

Eimer, of Tubingen, who based his conclusions on a com-
prehensive study of vertebrates in general. As the result

of his investigations, this observer declared that the following

laws might be laid down in regard to colour-markings of

animals in general. Firstly, the primitive type of coloration

took the form of longitudinal stripes. Secondly, these stripes

broke up into spots, retaining in many cases a more or

less distinct longitudinal arrangement. Thirdly, the spots

again coalesced, but this time into transverse stripes. And
fourthly, all markings disappeared, so as to produce a

uniform coloration of the whole coat. As a further develop-

ment of this theory, it was added that the more specialized

features were assumed in many cases more completely
by the male than the female, while the primitive coloration

often persists in the young. And it was stated that the

primitive longitudinal stripes frequently persist on the

middle of the back, and likewise on the crown and sides of

the face ; examples of the latter survival being shown by
the head and face-stripes of many spotted cats, and the
dark and light streaks on the sides of the face of the
badger.

Whether these laws hold good for other groups of

vertebrates, it is not within the scope of the present article

to inquire, and attention will accordingly be concentrated
on mammals. If they be true, we should, prim'! facie,

expect to find a large number of longitudinally-striped

forms among the lower members of the class ; while those
of intermediate grades of evolution would be spotted, and
the higher types either transversely striped or uniformly
coloured. This, however, could only be the case, as a
whole, if all mammals formed one regularly ascending
series ; whereas, as a matter of fact, they form a number
of divergent branches, each containing specialized and

generalized forms. The inquiry is thus rendered one of
extreme complexity ; although there ought, if the theory
were true in its entirety, to be a considerable number of
longitudinally-striped species among the lowest groups of
all. Unfortunately, paleontology, from the nature of the
case, can afford us no aid, which fact very materially adds
to the difficulty. It may be added that in Prof. Eimer's
scheme no distinction is drawn between light and dark
markings—that is to say, between the total disappearance
of pigment and an ultra-development of the same—and it

is obvious that this may be of such prime importance that
these two types of coloration have nothing whatever to do
with one another. Nevertheless, we may provisionally

consider light and dark stripes, and light and dark spots,

as respectively equivalent to one another.

With regard to uniformly coloured animals, there can
be no question as to the truth of the theory, since the
young of so many animals, such as lions, pumas, deer,

pigs, and tapirs show more or less marked striped or

spotted markings which disappear more or less completely
in the adult. The occurrence of bands on the legs and
sometimes on the shoulders of mules and dun-coloured
horses, and likewise the presence of dark bars on the limbs
of otherwise uniformly-coloured species of cats, like the
(.'aifre cat and the bay cat, are further proofs of the same
law. Moreover, the fact that in the young of pigs—and
to a certain extent those of tapirs—the markings take the
form of longitudinal stripes, whereas in the more specialized

deer, whether young or old, they are in the shape of spots

arranged in more or less well-defined lines, is, as far as it

goes, a confirmation of the theory that spots are newer than
stripes. And the presence of transverse stripes in the still

more highly specialized antelopes tends to support the
derivation of this type of marking from spots, especially

if it be remembered that the harnessed antelopes are

partly spotted. Still, it must be borne in mind that these

instances apply only to light markings, which, as already

stated, may have a totally different origin from dark ones.

There are, however, apparently insuperable difficulties

as regards longitudinal and transverse striping m mammals.
In the first place, instead of finding a number of the

polyprotodont, or more primitive marsupials, showing
longitudinal stripes, we have in this group only the three-

striped and single-striped opossums thus marked, and in

these the stripes are respectively reduced to the numbers
indicated by their names. This, however, is not all, for

the banded anteater— the most primitive of all living

mammals (with the exception of the egg- laying mammals)
—takes its name from the narrow transverse white stripes

with which the back is marked ; while the thylacine

(Fig. 1), which cannot in any sense be regarded as a
specialized type, is similarly marked with broader dark
stripes ; neither of these animals having any trace of a

longitudinal stripe down the back. The water-opossum,

again, may be regarded as a transversely-striped marsupial,

although here the stripes are few in number, and approxi-

mate in form to blotches. Although in the same order the

dasyures are spotted with white, we have no black-spotted

marsupial ; and if such a type formed the transition

between longitudinal and transverse stripes, surely some
species showing such a type of coloration ought to have
persisted.

Then, again, in the ungulates we have the zebra-

antelope, the gnus, and the zebras showing most
strongly-marked transverse dark stripes ; but we have no
dark-spotted forms in the whole order except the giraffes,

while the only ones with dark longitudinal stripes are

young pigs. And it would thus appear that, although all

the animals above mentioned'are highly specialized species,
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these transverse stripes and dark blotches must have
originated ch novo cjuite independently in each of the
groups in question. Indeed, when we remember that the
coloration of both the zebras and the giraffes is generally
stated to be of a protective nature—the stripes of the
former rendering the animals indsible on sandy ground
in moonhght, and to a great extent also in sunlight, while
the blotches of the latter harmonize exactly with the
checkered shade thrown by the mimosa trees among which
they feed—it is incredible that both types should have
been evolved, according to a rigid rule, from animals
marked by dark longitudinal stripes.

Another instance of the same nature is afforded by the
cats, in most of which the coloration appears to be mainly
of a protective nature

;
plain-coloured species, like the

puma and lion, having tawny coats harmonizing with the
sandy deserts which these animals often inhabit, while the
vertical stripes of the tiger resemble the perpendicular
lights and shadows of a grass jungle. The clouded
markings of the marbled cat and clouded leopard assimi-
late with the boughs on which these species repose, and
the spotted pelage of the Indian desert cat renders the
creature almost invisible in stony deserts. To suppose
that all such adaptations have been produced in the regular
order required by the theory is as incredible as in the last

case. There is, moreover, the circumstance that the young
of the uniformly-coloured puma are spotted, thus giving
an instance of the direct passage from a spotted to a
plain-coloured form without the intervention of a trans-

versely striped stage : precisely the same thing also

occurring in the case of the deer.

If we look for the most primitive mammals with longi-

tudinal dark stripes over the greater part of the upper
surface, such types being wanting in the marsupials, we
shall find them in the striped mangooses {(iKli(licti,i) of

Madagascar, already mentioned. And as the civets and
allies are certainly the most generalized of existing
carnivora (although that order occupies a somewhat high
position), this case tends, in a certain degree, to lend some
support to the view that longitudinal dark stripes are an
early type. The rarity of animals exhibiting this pattern
over all their bodies, coupled with the frequent retention

of a longitudinal dorsal stripe, are likewise in some degree
confirmatory of the same view. With regard to the con-
spicuous black and white stripes on the cheeks of the
badger, and throughout the head and body in the skunks.
South African weasel, and Cape polecat, it may also be
argued, with some show of reason, that we have an old

type of coloration. In the ancestors of the badger such a

type may have been found too conspicuous, and accordingly
have been removed except from the face ; whereas in the
other forms, all of which are more or less evil-smelling

creatures, a conspicuous coloration is an advantage, as
warning off other animals from attacking them in mistake
for harmless kinds, and the boldly alternating stripes have
accordingly been retained and rendered as conspicuous as
possible.

Did space permit, we might dilate to almost any extent
on the subject of spots and stripes ; but sufficient has, we
hope, been said to indicate the interest attaching to the
coloration of mammals, and to show how far we are from
understanding the causes and modes which have brought
about the present state of things. That uniformly-coloured
mammals form the climax of colour-evolution in the case
of stripes and spots may be pretty safely admitted. It may
further be considered probable that longitudinal dark stripes

are an old type of coloration in at least some groups,
although it does not follow that this will hold good for all,

the marsupials being possibly an exception. Transverse

stripes cannot, however, be made to accord with Prof.

Elmer's theory, since not only do they exist in some of

the most primitive of all mammals, but they reappear in

certain specialized groups where there is no evidence of a
previous spotted stage having been passed through. While,
therefore, far from improbable that there may be a certain

substratum of truth in what we may call the " longitudinal-

spotted-transverse-uniform " theoryof coloration, we submit
that in its present guise it cannot adequately explain the
whole evolution of " spots and stripes in mammals."

SURREY: ITS GEOLOGICAL STRUCTURE.
By Prof. J. Logan Lobley, F.G.S., &c.

THE County of Surrey strikingly exemplifies the

remarkably diverse geological structure of the

British Islands, in which comparatively small area

there are represented nearly all the sedimentary
rocks of the globe, for in this southern county

with an area of only 486,039 acres, or about 760 square

miles, no less than a dozen of the recognized geological

formations are to be found. These are in ascending order

as follows : the Hastings Sands, the Weald Clay, the

Lower Greensand, the Gault, the Upper Greensand, the

Chalk, the Thanet Sands, the Woolwich Beds, the Old-

haven Beds, the London Clay, the Bagshot Sands,
Pleistocene Deposits, and Alluvium.

Surrey also affords an excellent illustration of the intimate

connection between surface configuration and geological

structure, since the physical divisions of the area are each
coincident with the topographical extension of geological

formations. These physical divisions, seven in number,
are very distinct and will be readily recognized. They are

(1) the undulating country lying between the eastern half

of the Surrey Downs and the Thames, (2) the Downs area

extending east and west through the whole length of the

county but of varying breadth, (3) the long vale or

succession of vales immediately to the south of the line of

Downs called Holmesdale, (4) the western expansion of the

southern boundary ridge of the Holmesdale vale, (5) the

north-western broad expanse of heath-lands, (6) the plain

that forms the southern side of the county, and (7) the

south-eastern upland area contiguous to Kent and Sussex.

These areas are conspicuously different in surface con-

figuration and in soils, in aspect and productions, and have
each an entirely different geological structure.

The last named of. the seven areas, at the south-east of

the county, is on the oldest rocks of Surrey, the Hastings

Sands, which rise at Dry Hill Camp to 56-1 feet above

Ordnance Datum. The beds represented are the Lower
and Upper Tunbridge Wells Sands, with the intermediate

Grinstead Clay, which, however, has but a small outcrop.

The whole area is inconsiderable in extent, but aft'orda

from its elevated surface and rich surroundings beautiful

scenery.

The extensive and richly-wooded plain stretching along

the Sussex border is the Surrey portion of the great Weald
Vale, that extends through Kent eastwards to the sea. It

IS whoUy formed by the Weald Clay, which, however, is

covered in many places by superficial gravels. In Saxon
times this area was covered by a dense forest of oaks, the

Forest of Anderida, and even at present the timber is

largely oak, which tree flourishes generally on clays. The
ancient forest was greatly cleared by the felling of the trees

for the production of charcoal, much of which was employed
for smelting the ironstone of the Weald, an ore that was
largely used for iron previous to the present century. The
Weald Clay was estimated by ilr. Topley to have a thickness
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of no leas than 1000 feet near the foot of Leith Hill, all the

result of the accumulation of estuarine or delta deposits.

Slight undulations in the Weald plain indicate the

presence near the surface of thin bands of hard limestone

which in places contain fossil shells, Paludina, so abun-

dantly that it forms an ornamental stone or marble. The
surface levels range from 150 feet above Ordnance Datum
to over 350 feet at Holmwood Common, ou the flanks of

the northern boundmg uplands. From the impervious

character of clay, the whole plain is well watered by rivers

and minor streams. The Mole, the Wey, and the Eden
each derive much water from its surface drainage, and the

northern affluent of the Sussex Arun rises from its northern

edge at the foot of Leith Hill.

The heath district, forming the north-western part of

the county, from its generally sterile and open character,

contrasts strongly with the Weald Clay Plain, where parks

and woodlands alternate with small enclosures surrounded

home of the author of " Sylva," Holmbury, Abinger, and
Albury Parks, and many other beautiful estates. The
ground slopes gently to the north in accordance with the

dip of the strata, bat has a steep slope to the south, formmg
a very pronounced escarpment.

The long and very beautiful vale of Holmesdale, lying

on the northern side of the Lower Greensand ridge and
having the lofty Downs dominating it ou its northern side,

though nearly forty miles long, has a general breadth of one

or two miles only. The vale bottom rests upon a narrow
outcrop of the Gault Clay which overlies the Lower Green-

sand, and like it dips to the north at a low angle. On this

clay, too, oaks are abundant, surface water plentiful, and
the ground of a dark coloar, giving to its soils the name of

" black-laud."

But the most conspicuous feature of the whole area of

the county is that formed by the long range of hills

called the North Downs, which is continued through the

Seetiou across Surrey, from the Sussex boundary to the River Thames, showing the general geological structure.

Length of Section, twenty miles. The Vertical Scale ten times the Horizontal Scale.

(A Section more to the East would show the Lower Greensand Escarpment, lower than the Chalk Escarpment of Leith Hill.)

SOUTH NORTH

r/ww vtiif
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the iuniper and the holly may be found in many places on
the chalk soils growing indigenously, and a really primjeval

forest of these trees may be seen to-day so near London
as the slopes of Eiddlesdown, at Kenley.

From the very absorbent character of chalk the Downs
form, speaking generally, a streamless area, except after

unusually wet seasons, when a few streams flow for a time,

the result of the plane of supersaturation of the chalk

rismg above valley bottoms. The Kenley Bourne is perhaps

the most noteworthy of these intermittent streams. The
following are summit levels along the Surrey l)owns from
west to east :—The Hog's Back, 503 feet ; Albury Down,
62o feet ; nietley Heath, 674 feet; White Downs, 723 feet

;

Box Hill, 644 feet; Headley Heath, 619 feet; r.uokland

Hills, 708 feet ; C^olley Hill, 732 feet : Eeigate Hill, 762
feet ; Gravelley Hill, 777 feet ; Tandridge Hill, 791 feet

;

Woldingham Down, 816 feet ; Botley Hill. 881 feet.

The Chalk forming the North Downs, dipping as it does

to tiie north and cut oif abruptly on the south, is obviously

but the northern remnant of a great sheet which extended

across the entire Wealden area, and was continuous with

the Chalk of the South Downs that dips in the opposite

direction. The geological structure of the entire district

gives an east and west main anticlinal through the middle

of the Weald, throwing off the upper beds to the north

and the south, and giving a great denuded surface of lower

beds forming a central area.

North of the Downs lies the undulating and well-wooded

area that is bordered by the Thames, and watered by the

Wey, the Mole, the Hog's Mill iiiver, the Beverley Brook
and the Wandle. Some of this area near the Thames
is very low, but it rises to 184 feet above Ordnance Datum
at Richmond Hill, to 296 feet at Streatham Common, and
to 379 feet at the Crystal Palace.

This is the Lower Eocene area of Surrey, and with the

Bagshot district forms the Surrey portion of the London
Tertiary Basin. The London Clay forms the great bulk of

the area, the Woolwich Beds giving but a small breadth of

land and the Oldhaven Beds a still smaller acreage, while

the Thanet Sands have a very inconsiderable outcrop. At
the lower levels, however, river gravels and brick-earths

largely cover the London Clay, and bordering the Thames,
the Wey and the Mole there are strips of Alluvium.
Gravels over the Loudon Clay form the surface at higher
levels, as at Clapbam, Wimbledon, and other commons,
and even on the Norwood Hills there are patches of these

superficial deposits.

From this varied geological structure of Surrey, hills and
vales, level stretches and picturesque highlands, rich

woods and smooth and swelling downs, parks and wastes,

highly-cultured fertile lands and barren heaths, all combine
to form this beautiful southern county, while, flowing

through a world-renowned vale, the silver Thames winds
for fifty miles along its northern side.

We read in Cnssier's irni/tiziiie that the smallest

generator of electrical or mechanical energy in the world
is a battery constructed by one of the electricians of the

Boston Telephone Company, consisting of an ordinary

glass head, through which two wires, one of copper and
the other of iron, are looped and twisted so as to prevent

their coming in contact. The wires act as electrodes, and
a drop of acidulated water in the head causes a current to

flow. It has been used in signalling to a distance of

nearly two hundred mUes.

\." The picture of "The Spider's Web" in the December
number of Knowled(;e was taken from a photograph kindly

supplied by the Eev. H. D. Nicholson, of Tavistock.

It is with the deepest regret that we have to

announce the death of Mr. Arthur Cowpek Eanyaki>,

the Editor of Knowledge. Mr. EANr.\Bi) died at

his residence in Bloomsbury, on Friday evening,

December 14th, 1894.

THE CONSTRUCTION OF THE VISIBLE

UNIVERSE.

By .J. E. Gore, F.E.A.S.

AN
examination of the evidence we have at present,

with reference to the distribution of the visible

stars in space, has recently been undertaken
by Prof. Kapteyn of Grouingen, and a popular

account of the conclusions he has arrived at may
prove of interest to the general reader.

It must first be explained that, in order to obtain a clear

view of the construction of the visible heavens, it would be

necessary to know the relative distances of a large number
of stars ; but as the distances of only a few stars have
yet been determined, and the results hitherto obtained are

open to much uncertainty, we must have recourse to some
other method of estimating these distances. In travelling

in a railway carriage, if we fix our attention on the trees,

buildings, and other objects we pass on our journey, it will

be noticed that all objects apparently move past in the

opposite direction to that in which we are travelling, and
that the nearer the object is the faster it seems to move
with reference to distant objects near the horizon. So it

is with the stars. The sun is moving through spape,

carrying along with it the earth and all the planets,

satellites, and comets forming the solar system. The efl'ect

of this motion is to cause an apparent small motion of the

stars in the opposite direction, and the nearer the star is

tD the earth the greater will this apparent motion seem to

be—as in the case of the railway train. In addition to

this apparent motion, the stars are themselves—hke the

sun—moving through space, and this iral motion is also

visible. If this real motion takes place in the opposite

direction to that in which the earth is moving it will add

to the apparent motion, and will increase the " proper

motion," as it is termed. If, on the other hand, the real

motion is in the same direction as the earth's motion, it

will tend to diminish the proper motion. In either case,

the nearer the star is to the earth the greater will be its

apparent annual displacement on the background of the

heavens. The amount of the "proper motion" is, there-

fore, considered by astronomers to form a reliable criterion

of the star's distance from the earth, and the actual

measures of distance which have been made show that this

assumption is approximately true. Of fourteen stars which
have a proper motion of over three seconds of arc per

annum, eleven have yielded a measurable parallax, or

displacement due to the earth's annual motion round the

sun—that is to say that eleven out of fourteen fast-moving

stars are within a measurable distance of the earth, and
therefore near us when compared with the great majority

of the stars which are not within measurable distance, or,

at least, are beyond the reach of our present methods of

measurement.
In the case of small groups of stars, we may assume

that the real motions of the individual stars take place
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indifferently ill all directions, and that consequently, taking

an average of all the motions of the stars composing the

group, the effects due to the real motions will destroy each

other, and there will remain as the most reliable criterion

the effect due to the sun's motion in space. If, however,

we compare the proper motions of groups situated in

(liriifent parts of the sky, there is a consideration which to a

great extent vitiates this conclusion. For, near the point

of the heavens towards which the sun and earth are

moving known as the ope.v of the solar way, and situated

about seven degrees south of the bright star Vega, as

indicated by recent researches, and near the point fmni

which the sun is monng—known as the <nit-ape.i-, about

fifteen degrees south of Sirius—there will be no apparent
displacement due to the solar motion through space, as

this motion takes place in the line of sight with reference

to these points of the sky. The observed proper motion at

these points will, therefore, be solely due to the real

motion of the stars in those regions. In other parts of

the heavens, however, the total proper motion will be a

combination of the apparent and real motions of the stars,

and for stars in difircnt parts of the heavens it will not

follow that stars having equal proper motions are necessarily

at the same distance from the earth. To make this point

clearer, let us assume that there are two stars at absolutely

the same distance from our eye, one situated at or near the

solar apes and the other at a point ninety degrees from
the apex, and let us suppose that both are moving through

space with exactly the same velocity, and in the same
direction, say at right angles to the direction of the solar

motion. Then, in the case of the star near the apex, the

observed " proper motion " will be solely due to the star's

)Vfl/ motion, and in the star ninety degrees distant from the

apex the "proper motion" will be solely due to the solar

motion. Now, unless the stellar motion and the solar

motion happen to be equal, the observed " proper motions
''

vn\\ not be equal, although both stars are at the same
distance from the earth. If both stars are really at rest,

the star at the aptx will have no proper motion, while the

star ninety degrees distant will have an apparent proper
motion due to the sun's motion. To overcome this source

of error in estimating the distance of a star from its proper

motion. Prof. Kapteyn made use of another measure which
is independent of the solar motion. This is the component
of the proper motion measured at right angles to a great

circle of the sphere passing through a star and the solar

apex. The amount of motion iu this direction will evidently

not be affected by the sun's motion, and fi-om a discussion

of the stars contained in the Draper Catalogue of Stellar

Spectra, which were observed by Bradley (and of which the

proper motions are consequently now known with accuracy),

Prof. Kapteyn tiuds that this motion is " nearly inversely

proportional to the distance," that is, the greater the

motion the less the distance of the stars, and the smaller

the motion the greater the distance. Excluding stars with
proper motions greater than half a second of arc per annum,
Prof. Kapteyn found that for stars at various distances from
the Milky Way this component of the " proper motion "

forms a good measure of distance.

As the result of his investigations on this interesting

question, Prof. Kapteyn arrives at the following con-

clusions.

Neglecting stars with small or imperceptible proper
motions, we have a group of stars which no longer show
any condensation in a plane. Stars with very small or

no proper motions show a condensation towards the plane

of the Milky Way. This applies to stars of the second or

solar type as well as to those of the first or Siriau type of

spectrum, and evidently indicates that the stars composing

the Milky Way lie at a great distance from the earth. The
extreme faintuess of the majority of the stars composing
the Galaxy seems to confirm this conclusion. The con-
densation of stars of the first type is more marked than
those of the second, and this agrees with the fact which
has been noticed by Prof. Pickering, that the majority of
the brighter stars of the Milky Way .show spectra of the
first or Sirian type, and, judging from the ease with which

{
the fainter stars of the Galaxy can be photographed, he
concludes that most of these fainter stars are bluish, and
probably have spectra of the first type, like Sirius and
Vega, which are bluish-white stars. From an enumera-
tion of the stars included in the Dorpat Catalogue,
I find that sixty-three per cent, of the stars of the
Milky Way, as drawn by Heis, have spectra of the
Sirian type.

Prof. Kapteyn finds that this condensation of stars with
small proper motions is very perceptible even for the stars

visible to the naked eye, and is as well marked in those
stars which have spectra of the second type as for all the
stars of the ninth magnitude, but for stars of the first type
the condensation is still more marked. He considers that

this condensation is either partly real or that there is a
real thinning out of stars near the pole of the Milky Way.
As I have shown elsewhere, M. Celoria's observations with
a small telescope, compared with Sir William Herscbel's

observations with a large telescope, indicate clearly that

there is a real thinning out of stars at the poles of the
Milky Way.

Prof. Kapteyn concludes that the arrangement of

the stars suggested by Struve has no real existence.

He attributes the fallacy in Struve's hypothesis to

the fact that the mean distance of stars of a given

magnitude in the Milky Way, and outside it, is not

the same.

Prof. Kapteyn finds that the vicinity of the sun is

almost exclusively occupied by stars of the second or solar

type, a conclusion which reminds us of Dr. Gould's " solar

cluster." He finds that the number of Sirian type stars

increases gradually with the distance, and that beyond a

distance corresponding to a proper motion of about one-

fourteenth of a second per annum the Sirian stars largely

predominate.

In the group of stars known as the Hyades, however,

the components of which have a common proper motion
both in amount and direction, stars of tbe first and second

types appear to be mixed, and Prof. Kapteyn assumes

that the two types represent different phases of evolu-

tion, and that as the brightest stars of the group are

chiefly of the solar type, these stars must be the largest

of the group. From this fact he concludes that the

solar type stars are in a less advanced stage of evolution

than those of the Sirian type. This does not agree with

the generally accepted view. Thus Prof. Vogel considers

the Sirian stars to represent the earlier stage of stellar

evolution. Mr. Proctor held the same opinion, and in

Prof. Lockyer's hypothes's of increasing and decreasing

tetnperatures in stars of various types he places the Sirian

stars at the summit of the curve, and the sun and solar

just below them on the descending branch of the curve

(" The Meteoritic Theory," pp. 3S0, 381). These hypotheses

are in conformity also with tbe current opinion that the

sftn^is^au_caolrQ'g body. This discrepancy may perhaps be

explained by ^supposing that the hrii/liter stars of the

Hyades form a connected group, and that some, at least,

of the fainter stars do not belong to the group, but are

situated at a great distance behind it. In the case of the

Pleiades, which form a much more evident cluster, I find

from the Draper Catalogue that the great majority of the
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brighter stars have spectra of the Sirian type. Most of the
stars in the Pleiades have a very similar proper motion,
both in direction and amount, and there can be no
doubt that they form a connected system. The superior
brilliancy of the stars composing the llyades would
indicate that they are nearer to the earth than the Pleiades
group, and they may possibly form members of the " solar
cluster.''

Assuming that the distances are inversely proportional
to the proper motions, Prof. Kapteyn computes the relative

volumes of the spherical shells which contain the stars

with different proper motions (from one-tenth of a second
to one second of arc, and more). Comparing these volumes
with the corresponding number of stars, we arrive at an
estimate of the density of star distribution at various
distances. The result of this calculation shows that the
distribution of stars of the Sirian type approaches uni-
formity when a large number of the faint stars (the ninth
magnitude! are considered. With reference to stars of
the second type, however, the larger the proper motion
the greater the number of the stars, or, in other words,
the second type or solar stars are crowded together in the
sun's vicinity. Evidence in favour of this conclusion is

afibrded by the fact that of eight stars having the largest
measured parallax (and whose spectrum has been deter-
mined), I find that seven have spectra of the solar type.
The exception is Sirius, which is evidently an exceptional
star with reference to its brightness and comparative
proximity to our system, no other star of the first magni-
tude having nearly so large a parallax. Indeed, the
average distance of all the first magnitude stars in the
heavens has been found to be over forty times the distance
of Sirius.

Prof. Kapteyn finds that the centre of greatest con-
densation of the solar type stars lies near a point situated
about ten degrees to the west of the great nebula in
Andromeda, and that this centre nearly coincides with the
point which, according to Struve and Herschel, represents
the apparent centre of the Milky Way considered as a ring.
This would indicate that the sim and solar system lie°a
little to the north of the plane of the Milky Way, and
towards a point situated in the northern portion "of the
constellation of the Centaur. The fact is worth noting
that the nearest fixed star to the earth. Alpha Centaurf,
lies not very far from this point. Possibly there may be
other stars in this direction having a measurable parallax.
The southern portion of the heavens has not yet been
thoroughly explored.

Prof. Kapteyn finds that, for stars of equal brightness,
those of the Sirian type are on an average about two and
three-quarter times further from the earth than those of
the solar type. As light varies inversely as the square of
the distance, this would imply that the' Sirian stars are
intrinsically over seven times brighter than those of the
solar type. This conclusion is confirmed by the great
brilliancy of Sirius, and other stars of the same type, in
proportion to their mass. I have sho'ira elsewhere that
Sirius is about forty times brighter than the sun would be
if placed at the same distance, although its mass is only
twice the mass of the sun, as computed from the orbit of
its satellite.

The general conclusions to be derived from the above
results seem to be that the sun is a member of a cluster
of stars possibly distributed in the 'form of a ring, and that
outside this ring, at a much greater distance from us than
the stars of the solar cluster, lies a considerably richer
ring-shaped cluster, the light of which, reduced to nebulosity
by immensity of distance, produces the Milky Way gleam
of our midnight skies.

THE NEW SOLAR RECORDS.

By E. Walter Maunder, Hnn. Sec, B.A.S. : Fresident,

British Astionoiiiicdl Association : Superintendent of the

Pliysical ]>epartment, Roi/iil Obsereatori/, (rreenwich.

FltOM the point of view of astronomical physics, no
celestial body demands so much study as the sun,

and none repays it better. A star amongst the

stars, it reveals to us at a comparatively near view
the lines upon which general stellar anatomy is

constructed. The most vigorous and active member of the
solar system, it supplies hints to us of what in the distant

past was the condition of our own world and of the other
members of the planetary family. And as the great source
and maintainer of nearly all the energy of the solar system,
it would be an object of surpassing interest, even if it had
nothing to reveal to us of any other body in the universe.

And so, from the very first invention of the telescope,

solar physics have formed an important department of

astronomy. But the present century has been specially

rich in persevering and devoted observers. Schwabe, who
discovered the periodicity of the sunspots ; Wolf, who
carried Schwabe's record onward, and followed it backward,
so as to extend tlie sunspot curve over two centuries and a

half; Carringtou, who determined the solar rotation period

and its change with the latitude, and corrected the elements
of the solar axis ; Spoerer, who brought out the relation

of the distribution in latitude of sunspots to the phases
of the sunspot cycle ; these stand out as leading names
amongst those who used the visual method of observing,

or who discussed the results obtained by that method.
To Warren De la Rue we owe the important advance

of the employment of photography for obtaining records of

the solar surface. Great as is the skill to which many
observers have -attained in drawing sunspots, and though
the best drawings still outstrip all but two or three very

exceptional photographs as to the delicacy of the detail

they show, still the photographs much surpass the drawings
as to the fulness and the accuracy of their record.

These earlier photographs, and those still taken at

Greenwich and elsewhere, were of course taken by means
of the general light of the sun—chiefiy by means of the

blue and violet rays. It is substantially a picture of the
photosphere that they give us, precisely as eye drawings do.

But the ingenuity of Mr. Hale and ]M. Deslandres has
recently supplied us with a new class of solar photographs

—

photographs by monochromatic light : photographs which
no longer give us a record of the solar photosphere, of that

incandescent cloud surface from which the white light

of the sun proceeds, but of certain specific luminous gases
in the solar atmosphere.

The principle upon which the instruments for obtaining

these new records are based is sufficiently simple, the

necessary mechanical adjustment much more dilMcult.

Substantially it amounts to this : A spectroscope is

arranged, having not merely a slit in the focus of its

collimator, but another in the focus of its viewing telescope.

The second slit can be so arranged as to correspond to the

place of any selected line in the spectrum. Now, if a

photographic plate be placed behind the second slit, it will

receive from the sun light only of the wave-length
selected.

In the ordinary form of photo-heliograph the exposure is

usually given by drawing a narrow slit rapidly across the

image of the sun in the primary focus, and the various

portions of the sun, exposed in this way in rapid succession,

build up a complete image on the sensitive plate. In the

spectro-heliograph, as just said, the light of one particular
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wave-length is allowed to pass the second slit ; the light,

therefore, is far feebler than that used in the ordinary

photo-heliograph, where the entire light of the sun, undis-

persed, is used. What is required, then, is to slowly move
the entire spectroscope, the first slit travelhng across the

sun's image, the second across the plate, and an image of

the sun as given by light of the wave-length in question is

built up on the plate. In practice there are several ways
of effecting this result, one of the most convenient being

to fix the spectroscope, allowing the sun to transit across

the first slit while the plate itself is moved by clockwork at

the recjuisite speed behind the second slit.

In this way Mr. Hale and ^I. Deslandres have supplied

us with photographs of the sun produced by the light of

the K line, the new method having suggested itself to them
from the fact that their photographs of the solar spectrum

showed that the H and K lines were bright in the spectra

of faculie. And, as is shown by the two upper photographs

of the four in the accompanying plate, such photographs

display a network of bright markings extending across the

disc, and closely resembling in character the facuLe which
we see directly in the telescope, or photograph in an
ordinary photo-heliograph.

Moreover, a comparison of these two photographs with

those taken on tlie same days, 18!)I, April 10th and 11th,

at (Ireenwich, shows that to a certain extent the ordinary

facula? and these bright K line districts actually correspond.

Thus the bright region at about position- angle 24:0^(from the

north extremity of the sun's axis, »(<r from the north point)

on Fig. 1, and still closer to the limb on Fig. 2, corre-

sponds in position to a group of facals on the Greenwich
photographs. So, again, the bright region a little to the

north-east of the one just mentioned has its correlative

on the plates taken with the ordinary photo-heliograph.

Representatives can also be traced of the great stream of

brilliant K matter in N. lat. 17° or 1H°, and stretching

from the central meridian almost to the west limb. And
the bright cluster about position-angle 11.5° is also repre-

sented, and represented not merely as to general position,

but as to form and extent.

But this correspondence between the bright regions on

the photographs taken with the photo-heliograph and the

spectro-heliograph is not exact. The spectro-heliograph

does not merely show us what we should see if we made
a rapid circuit of the sun, and noted the facula? revealed

near the limb as the visible hemisphere shifted its boundary
to our gaze. The K line faculn;—if, from their appearance,

we may so call the faculous-looking regions on these

photographs—are not the same as the faculse shown on an
ordinary photograph. The two are clearly connected ; they
are as clearly not identical.

To take the most striking instance in the photographs
before us, the great solid mass of K facuhij in the northern

hemisphere and on the central meridian. This region, on
the ordinary sun-picture, is the site of a fine train of spots,

stretching over 13° of solar longitude, and with a breadth
of 5|° of solar latitude, and an area of 860 millionths of

the hemisphere on April 10th, which has increased to

980 millionths by April 11th. ( )r, translating these elements
into English miles, the greatest length of the group is very
nearly 100,000 miles, its greatest breadth more than
•10,000 miles, its area on April 10th 1000 million square
miles, and on April 11th 1160 million square miles.

This train of spots is, indeed, represented on M.
Deslandres' photographs by a few small spots, but the
great body of the train is covered up from us by the mass
of K facula'.

Similarly, the group of K faculse first mentioned, near
position-angle 240°, is associated with a group of spots.

which it partly covers. The K facula has a distinctly

larger area than the corresponding facula on the ordinary

sun-picture, and as the facula is close to the limb we cannot
ascribe its smaller area on the Greenwich photograph to

its unfavourable position. If it had been of equal area on
the two photographs it would have appeared to us so.

The K faculffi shown us by the spectro-heliograph are,

therefore, not merely the ordinary faculre, but are some-
thing more. Since ordinary faculs have the K line bright

in their spectra, the spectro-heliograph euables us to photo-

graph them, not merely near the limb, but wherever they

may be on the disc. But over and above such faculre,

it shows us another class of faculae more extensive than
the first.

The difference between the two classes is this. The
ordinary facuhe shine principally with white light, they

give out chiefly a continuous spectrum—a light and a

spectrum in itself feebler than that of the photosphere,

but appearing to be brighter when seen near the limb,

because the facuL-e lie above the greater part of that

layer of relatively dark dust which causes the enfeeble-

ment of the light near the sun's limb. They thus escape

obscuration by it. For the most part they probably consist

of incandescent solid matter, no doubt in a finely divided

state ; and because solid, they are opaque. An ordinary

facula, crossing a spot, effectually hides ffom our view the

region beneath it.

The K line facuhe, on the other hand, consist of glowing

gas. They cover all the region occupied by the first clasi,

but they also extend beyond, and especially so in the

region of spots; and unlike ordinary facnlfe, they do not

hide the spots lying beneath them.

These spectrographs give us yet further iaformation.

For the K line is given under a triple form corresponding

to three different layers of the solar atmosphere over the

greater part of the disc. First, a very broad dark line;

then a bright line superposed on the first, and not so

broad ; thirdly, a narrow dark line superposed on the

second line, and so dividing it into two. The broad dark

line corresponds to the " reversing layer," ia close contact

with the photosphere ; the bright line to a region just

above, i.e., to the lowest hottest stratum of the chromo-

sphere, the region represented, therefore, in M. Deslandres'

photographs ; the narrow dark line in the centre, to a

region higher still. Over the spots, however, it is usual

to find the bright K line single, not double ; corre-

sponding, that is, to the uppermost of tlie three layers.

Not that it follows that the calcium vapour over a spot is

higher than over the general disc ; rather the reverse,

that we have here a region of lowered temperature and

pressure, and that the conditions necessary for the pro-

duction of the broader bright line of the second layer are

not present here.

The spectro-hehograph not merely reveals to us these

K line faculae over the disc, it shows us the chromosphere

and prominences beyond the limb, and the originals_ of

Figs 1 and 2 show a number of prominences surrounding

the sun ; but the exposure having been calculated for the

general disc, they are only faint, and have been lost in the

reproduction. Figs. 8 and 4, however, are copies of

photographs taken on the same days as the first two, but

with fuller exposure, and they accordingly show the

prominence forms very distinctly. The central portion of

the sun was shutout by a diaphragm, very slightly smaller

than the solar image." The most interesting prominence

is the one near the south pole, which has changed in so

remarkable a manner between the times that the originals

of Figs. 3 and 4 were taken ; indeed, a great change took

place between the time of Fig. 2, taken April lltli, lib.
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29m., and that of Fig. 4, taken at 2h. 22m. on the same
day.

It is curious to reflect tliat but for what we must call the
happy accident of the nice adjustment of the apparent
diameters of the sun and moon, it is highly probable that
these spectographic photographs of the sun, taken by
M. Deslandres and Mr. Hale, would have been the first

intimation we should have had of the existence of chromo-
sphere and isromineuces. The mean apparent diameter of
the moon is distinctly smaller than that of the sun, being
under SI i minutes of arc as against a little over 32 minutes.
Were it not, then, for the eccentricity of the orbits of
earth and moon, we should never have a total eclipse at all.

Even as it is, so nicely adjusted are the apparent diameters
of the two bodies that it is not very uncommon for a
central eclipse to be both annular and total ; annular for
those countries where the eclipse takes place near sunrise
or sunset, total for those where it takes place near noon.
That is to say, the slight excess in the distance from the
moon of i^laces near the circumference of the hemisphere
in daylight, over places near the centre of that hemisphere,
suffices to reduce the apparent size of the moon, from being
a very little greater than that of the sun to being a very
little less.

Were the orbits of the earth and moon circular, or were
the moon of equal density to the earth, its mass and
distance remaining unchanged, we should never have an
eclipse. Its period and its tide-producing power would,
under the latter hypothesis, remain the same. Bat its

volume would be changed, its diameter being diminished
by one-seventh. The greatest diameter it could ever
possess, even when in the zenith and at perigee, would be
only

2!»:f minutes, 2^ miautes of arc smaller than that
of the sun, even at apogee. A total eclipse would then
be an impossibility, for even under the most favourable
circumstances possible only six- sevenths of the sun could
be concealed.

Had this been so, the sun's corona would have been
utterly unknown to us, and no one could have suspected
the existence around the sun of so wonderful and bi'.iinr

an appendage. There is nothing in the appearance of the
sun itself to suggest it. The disc shows a perfectly well-
defined and regular outline, unbroken by any excrescences,
except on the rare occasions when a facula makes a
scarcely perceptible projection. And even if we had
suspected the existence of such a body, we should have
found it hopeless to search for it.

Nor should we have been much better off with regard to
the prominences. These were first seen by Staunyan
diiring the eclipse of 170G. Fraunhofer applied the
spectroscope to astronomy in 1814 ; Kirchhoff interpreted
the Fraunhofer lines in 1859. But though the existence
of the prominences was known, though the spectroscope
was in use, it was not until 1S08 that they were actually
seen in daylight. Indeed, Huggins had definitely described
the method by which they were to be rendered visible
more than two years before it was successfullv put in
practice. How long, then, would it have been before the
method of observing chromosphere and prominences would
have been stumbled upon if no one had known of their
existence '?

Probably the history of our knowledge of these appen-
dages of the sun would have been somewhat as follows :

Lockyer, Secchi, Young, and others would have drawn
attention to the occasional reversal of the lines of
hydrogen over sunspots. It is unlikely that by chance an
observer would bring into his spectroscope both a briUiant
prominence and one of the hydrogen lines at the same
lime

; but with the increased application of photography

to astronomy, the photographic spectra of sunspots would
begin to be studied. Then the observation of Young,
made some years ago, of the reversal of the H and K lines

over a spot and in its neighbourhood, would have been
confirmed, and later would have been extended to faculie

generally. This would have brought us down to the
commencement of the work of Hale and Deslandres, who
might not improbably have followed the same lines that

they have done under existing circumstances ; and by the

use of the double-slit spectroscope, and the invention of the
spectro-heliograph, they would have demonstrated to us,

for the first time, the existence of the prominences.
It is scarcely possible to exaggerate the interest which

such a discovery would have excited
; yet the advance

which would have been involved by the discovery of the

prominences—previously undreamed of on the supposition

we have made—would have been scarcely greater than
that which the use of the doulile-slit spectroscope promises
to us. We are able, by its means, to separate, as it were,

one particular shell of the sun from all others ; or rather to

isolate one single gas in the solar atmosphere and to study
it alone. M. Deslandres has photographed the sun by
one of the bright spaces between two of the Fraunhofer
lines that is to say, by purely photospheric light. The
resulting picture corresponds, as we should expect, to that

shown to our eye by the telescope, or on an ordinary

photographic plate, but with the differences in brightness

between the spots and faculie and the general disc accen-

tuated. Again, he has photographed the sun by the light

of one or other of the Fraunhofer lines themselves ; for

these are of course relatively, not absolutely, dark ; that is

to say, he has photographed the reversing layer itself, by one
or other of the gases contained in it, just as it the sun and its

photosphere were removed. Finally, he has photographed
the sun, as in the present photographs, by the light of the
bright K lines, by glowing calcium vapour— that is, situated

at the base of the chromosphere, but above the " reversing

layer." It still remains to photograph the sun by the

third and narrowest line of the triplex K line, and so

obtain a record of a higher stratum yet of the solar atmos-
phere. The new solar records, therefore, offer us the
prospect of a far more intimate acquaintance with solar

structure than we could have ventured to hope for a few
years ago.

PHOTOGRAPHS OF THE SOLAR
CHROMOSPHERE.
By H. Deslandres.

[M. Deslandres, l)y whose courtesy we are enabled to

submit to the readers of Knowleixie the four accompany-
ing photographs of the salar chromosphere, taken by him
at the Paris Observatory, on April 10th and 11th, 1894,

furnishes the following description of the instrument with
which they were taken.]

The originals of the photographs were taken with the
following apparatus ;

—

1. The Foucault siderostat, constructed in 1869.

2. An object glass of five inches aperture and three
metres focal length.

3. A spectro-heliograph, or registering spectrograph
with two slits, adjusted to isolate the bright ray of

calcium.

This spectrograph consists of a collimator fifty centi-

metres in length, a flint glass prism of sixty degrees, and
an object-glass of one metre focal length, so that the image
on the plate is magnified, and is exactly five centimetres

in diameter.
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SOLAR SPECTROGRAPHS. By Mons. H. Deslandres, of the Paris Observatory.

Figs. 1 and 2.— Showing the regions on the disc where the K line is bright.

Figs. 3 and 4 - The Chronio-phere hevond tlie limb, aud the promiuenoes, as seen on the K line.

Fig. 1.— 1894, April lUth, Uli. 3Jm., I'aris Jlean Time. Flo. 2 —1894. April Uth, lib. 29m., Paris Mean Time.

Fig. 3.— 1834, April lltli, 21i 22m . Paris Slean Time. Fig. 4—1S04, April 10th, llh. 3m., Paris Mean Time.

DiVeci Photo Eii'jravii'g Co., 9, li'irusLury Paik, X.
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The entire spectrograph, the two slits of which are

firmly connected together, moves before the motionless

image of the sun. It is driven by a clepsydra, and

transmits a proportional movement to the sensitive plate

by a single system of levers.

This arrangement has many advantages :

1. The small dispersion of the spectrograph, which is

a necessary condition from the optical point of view,

permits the greatest delicacy of detail to be obtained in

the image, together with the exact intensity of the chromo-
spheric flames, and also allows the flames of the centre,

and the flames of the disc near the limb, which may be

lost with a greater dispersion, to be equally well represented.

2. With the two slits fixed together, it is easy to obtain

circular and not elliptical images, and there is no need to

give the second slit a greater breadth than that of the line

which it is desired to isolate. 'A. The great focal length

of the objective of the spectrograph makes the aajnstment

of the second slit easier, and gives an enlarged image
without loss of light.

These photographs do not represent the faculre, the

images of which are slightly diiferent, but the chromosphere
itself above the solar disc.

The boundary of tlie photographs of the entire disc is

not the true limb of the sun, but a slightly greater circle

which includes the lowest and most intense parts of the

chromosphere. When the exposure is sufficiently long, as

in the present case, the prominences of strong and medium
intensity also appear on the plate. They are better seen

on the original negatives.

The two photographs showing the limb were taken with

a longer exposure, and show all the prominences, and all

parts of the chromosphere above the middle layer. The
disc of the sun has been covered by a diaphragm, slightly

smaller than it in diameter, to avoid diffusion of light.

PERIODICAL COMETS DUE IN 1895.

By W. T. Lynn, P..A., F.R.A.S.

TWO comets of short period are due to return to peri-

helion in the course of the present year ; but whereas
one of these, which is in view whilst we write, has
been seen at no fewer than twenty-six returns and
consecutively since that of lSlS-19, when it acquired

its name from that of the illustrious astronomer who
investigated its motions and calculated its orbit, the
other has hitherto been seen at only one appearance.
The first comet is, of course, our old friend Encke,

•which was first discovered by Mechain at Paris on
the i7th of -January, 1786, and first seen at the present

appearance on the 31st of October, IkOI, at Nice, being then
in the constellation Pegasus, very near the place predicted

for it in the ephemeris of Dr. Backlund {Astrunomischr

Naclirichtin, No. 8203), who, we regret to notice, states that

this, is the last time that he will be able to undertake its

calculation. The comet, he finds, will pass its perihelion

on the 4th of February : the last time it was in that

position was on the 18th of October, 1891, on v.'hich

occasion it made one of its very near approaches to the
planet Mercury.
The other comet due in IS'.io was discovered at its

first appearance on the 16th of July, 1881, by Prof.

Barnard, now of the great Lick Observatory in California,

but who was then at Nashville, Tennessee. Although
thus discovered in the northern hemisphere, the comet
remained throughout that appearance in the southern.
Dr. Gill and his assistants afterwards obtained a number of

observations of it at the Cape of Good Hope, and it was

also observed at Melbourne and other places, but was
always very faint and diificult of observation. Its orbit was
determined by Herr Berberich to be one of short period,

amounting to only about five and a half years ; but its

position at the return expected in the winter of 1880 was
exceedingly unfavourable, and it was not seen. Another
appearance will be due in the summer of the present year.

Herr Berberich calculates (Astrdnoinisilw XacliricJUen, No.

3260) that it will then be somewhat brighter than at the

return when it was discovered in 1884, and that its

perihelion passage will probably take place on the 3rd of

.June. Its distance from the sun, when least, is nearly

equal to that of Mars.

Urttrrs.
[The Editor does not hold himself responsible for the opinions or

statements of cori'espondents.]
•

61 CVGXI.

To the Editor of Kxo^'ledge.

Sir,—There are some points connected with these stars

which I think astronomers have not sutHciently borne in

mind. They must be physically L-onnected. In one sense,

of course, all stars are physically connected ; but in this

case it seems certain that the two stars are at no great

distance from each other, and that no other bright star is

situate within a considerable distance of either. (There

may be dark stars.) This is proved by their parallaxes.

These have been so frequently determined, with but small

difl'erence in the results, that we can say with tolerable

certainty that it lies between 0-4" and 0-5". And it appears

to be almost the same for both stars. Consequently, one

of them does not lie at any great distance beyond the

other ; indeed, it is doubtful which is the more distant.

But two stars with nearly equal parallaxes of (say) 0'4",

and an angular distance of (sa\) 20", cannot be very

remote—hardly as much so, I think, as some of our known
periodical comets when at their greatest distances from

the sun. And as these comets accompany the sun in its

flight through space, so the pair 61 Cygni are evidently

accompanying each other in a very rapid flight in which

no neighbouring star partakes. Like the comets, they

may move in very elongated ellipses or, possibly, even in

hyperbolic orbits. But the motion can hardly be parabolic

unless the combined mass of the stars is very small, for

their relative motion is not considerable. For the same

reason, a very elongated ellipse is unlikely. The apparent

elongation is probably due, to a considerable extent, to

projection.

Should Dr. Wilsing's results prove correct, we shall

have one explanation of why a satisfactory orbit has

not hitherto been computed. The distances vary periodi-

cally from some cause independent of the orbital motion

which we are trying to compute, and the law of description

of equal areas in equal times is probably not fulfilled. If

one of the pair has a dark satellite, it is the centre of

gravity of the star and satellite which describes equal

areas in eijual times round the other star, and otherwise

fulfils the condition of the orbit. But, apparently, Wilsing

found nothing but this oscillation in the distance. The

mean distance seemed to have remained constant during

his observations. If so, the orbital motion of the pair

may be regarded as almost certain. Their distance has

undoubtedly been increasing, and if the motion were recti-

linear it would continue to increase. If the increase has

been arrested the motion is orbital, and the distance is

about to commence diminishing. A few years will tell.
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The motion at present is probably so slow that its exact

nature can hardly be determined—it is, in fact, in the

transition stage.

The pair should be closely watched, and the measures of

different observers compared. The motion may not only

prove to be orbital, but the period may be much less than

is commonly imagined. Truly yours,

W. H. S. IMONCK.

To the Editor of Knowledge.

Dear Sir,—In the recent issite of the British Astroiuimind

Association Journal, Vol. Y., No. 1, the section of Astro-

nomical Progress concludes an article on jo Lyr* with the

following thesis :
—"A black stripe, then, overlaying a vivid

ray in the spectrum of jB Lyne or elsewhere, can only

be interpreted as a rever.sal. It demonstrates physical

changes in the atmosphere of a single star."

This is obviously a conclusion of the first importance in

stellar spectroscopic interpretations ; and it is necessary

to examine the connection between it and its premisses.

For these the reader is referred to an article by Miss A. M.
Clerke in the June number of Knowledge, page 130,

and briefly the argument is contained in the following

propositions ;— 1. A combined spectrum from two close

stars (unaffected by the displacements of relative radial

motion) " is the simple summation of the rays." (" Not an
algebraical summation. There are no negative qualities.

The darkest ray cannot sink below the zero level of light.")

2. Therefore "vivid rays lose none of their light by
subtraction. 3. Therefore " dark lines can never be seen

projected upon bright ones emitted by a companion
luminary."

In this argument the first proposition and its consequent,

the second, are undeniable ; but the third proposition, or

second consequent, goes too far, and does not militate

against an imitation of a double reversal by the super-

position of two spectra, one of which gives the hydrogen
lines broad and bright, the other narrow and dark. In

this case the narrow dark line will be seen dividing the

broad bright line, not by subtraction of the bright line's

intensity, but by less aildition to it. The added quantities

here are the intensities of the continuous spectrum of the

dark line star on the two sides of the dark line ; so that

the sum of light, on either side of it, is greater than at the

position of the dark line.

It is true that this efl'ect of superposition is attended

with diminished contrast both between the bright line and
its dark division, and between the bright line and the

combined continuous spectrum ; but not necessarily to the

exclusion of either.

Stonvhurst Observatory. ^Yalter Sidgreaves.

MKCHANTCAL FUaHT.

To the Editor of Knowledge.

Sir,—Referring to the December number of Knowledge,
Mr. Moy says :

—" The two greatest obstacles in the

way of the accomplishment of mechanical flight have

been the balloon and the screw propeller." Mr. Moy
evidently does not believe in the screw ; he rather ridicules

" Mr. Maxim and Lord Kelvin ' for believing in this kind

of a propeller.

Before commencing my experiments in aeronautics, I

consulted one of the old members of the Aeronautical

Society in regard to the efficiency of screw propellers, and
he assured me that he himself had made a great many
experime;its and had witnessed many that had been made
by others, including those of Mr. Moy, and in all cases it

had been found that a screw propeller drew in air at the

centre and discharged it at the periphery, and that there

was a great deal of power wasted in this " fan-blower
"

action—in fact, so much that the screw propeller was
absolutely of no value for aerial navigation. I then went
to France, and saw the apparatus which the French
Government used for testing the efliciency of screw
propellers working in air. It was very beautifully con-

structed, and enabled one to measure the power required

for driving the screw and also to determine with a great

degree of nicety the thrust of the screw. ]5ut there were
no means provided for allowing the screw to travel through
the air, and to ascertain the thrust while it was travelling.

Moreover, the screw propellers themselves—and there were
a dozen of them—were so badly made as to render the

experiments of no value.

In regard to the early experiments in Englan<l with
screw propellers, I would say that a few semi-scientific

gentlemen, without any special engineering training and
with only a limited amount of money at their disposal, have
conducted a few experiments on a small scale. These
gentlemen have generally made their screws by loosely

covering some badly- formed and rickety wooden or wire

frames with a cotton or silk fabric. They have applied an
unknown quantity of power, having no means of ascertaining

the amount consumed or the thrust of the screw. Their
experiments have been made while the screw was rotating

in the same place, and not while it was advancing into new
air, the inertia of which had not been disturbed. As might
be expected, the results have been anything but satisfactory

;

nevertheless, these gentlemen have constructed certain

formula which they insist should be implicitly accepted by
those who have more recently conducted experiments
on a very much larger scale and with very much better

apparatus.

Ill my early experiments with screw propellers, I pro-

vided myself with an apparatus, constructed in such a

manner that it would enable me to ascertain with a great

degree of nicety the exact power consumed in driving my
propellers, not only while stationary but also while

advancing at a high velocity into new air. It also enabled

me to accurately measure the screw thrust under all

conditions. In one of my first experiments with a well-

made screw I found, if I multiplied the pitch of the screw

in feet by the number of turns in a minute, by the thrust

in pounds, and divided the product by thirty-three thousand,

that it exactly corresponded witlr the readings of my
dynamometer. This indicatnl that there was no skin

friction. I then made a pair of blades without any twist

or angle, and exactly the same thickness and area as the

screw blades, and upon rotating tbese in the air at the

same velocity I found, notwithstanding that my dynamo-
meter was exceedingly sensitive, that the power required

was so small as not to move the pointer. This proval that

the skin friction was so small a factor as not to be con-

sidered. I'pon trying the same experiments with a screw

made exactly like those I had seen in France, I found,

when its efficiency was computed on exactly the same
basis, that it did not foot up to more than one-third the

readings of the dynamometer, and I presume that this

screw was quite as efficient as any that have ever been
made or experimented with by Mr. Moy or his colleagues,

and which have formed the basis of their dogmatic asser-

tions.

In regard to the wasteful effects of the "fan-blower"
action before referred to, I found, with a well-made screw,

that the air instead of being drawn in at the centre and
discharged at the periphery, as these gentlemen had
supposed, was in reality—when not advancing into new
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air—drawn in at the psriphery and disebarged in a straight

line almost pairallel to the axis.

In my large machine I employ two screws, each seventeen

feet ten inches in diameter, and with a pitch of sixteen

feet. Each screw has two blades and the projected area

of all the blades is ninety-four square feet. When the

machine is run over the track at the rate of forty miles an
hour, the slip of the screws is eighteen miles an hour. If

we consider the thrust of the screws on the Moy theory,

which is fully explained and elaborated in your last issue,

we should find that with eighteen miles slip the thrust

would be 152-'i.S lbs. according to the formula V- x -005 x

A P (\' being the velocity in miles per hour, A the area

in square feet, and P the pressure in pounds). This is

computed on the basis that the thrust of the screw is equal

to the projected area of the screw driven through the air

at the velocity of the slip. Therefore, according to Mr. Moy's
theory, it would be 18- x -005x94 = 152-28 lbs. I lind

that a great many others besides Mr. Moy compute the

thrust of the scre^vs on this same basis ; others, however,

believe that the whole screw disc, which in my cise is Ave
hundred square feet, should be considered. This would
give 18- X -005 x 500 - 810 lbs. screw thrust. However,
the iictuiil thrust was found to be rather more than two
thousand pounds, or 13-1 times as much as Mr. Moy
supposes.

Lord Kelvin, upon learning that I obtained a screw

thrust of over two thousand pounds, came to Baldwyn's Park
with some of his scientific friends and witnessed a number
of my experiments. Without the least trouble I was able

to run the engines fast enough to get this enormous
amount of screw thrust. L'pon witnessing this, Lord
Kelvin frankly said that everything relating to aerial flight

was many times more favourable than had been supposed,

and that all the formulte would have to be revised. This
practical demonstration, however, is only looked upon by
Mr. Moy as a " big joke." Evidently the larger the screw
thrust, the bigger the joke.

Mr. Moy says, in his article in the December number of

Knowledge, that my machine, like Henson's, has failed

because " it slid backwards and injured its tail." In reply

to this I would say that I know nothing about Henson's
machine, except what I have heard. I believe, however,
that he made a design of a very large machine, and then
conducted a few experiments with a very small and im-
perfectly made apparatus, and that the power of the

engines and the thrust of the screw were so small that if

the machine had been dropped from a height, its weight
acting upon the angle of the planes would have driven the

screw backwards, instead of the screws driving the machine
forwards ; that is, the screw thrust under the most
favourable circumstances, both in his large design and in

his small machine, was so small that it would not balance
the backward action of the machine caused by its weight
acting through the angle of its planes.

With my machine, however, the planes are placed at an
angle of one in eight, and the screw thrust is two thousand
pounds. As my machine weighs eight thousand pounds,
it will be seen that the backward action due to the angle
of the plane would be considerably less than the screw
thrust ; consequently, my machine has no tendency to

move backwards, but, on the contrary, iAks move forward at

a high velocity, and it has never as yet run backwards and
broken its tail. But it appears that facts have no influence

on Mr. Moy's mind ; if the facts do not correspond to his

way of thinking, "bad luck to the facts then." Unlike Mr.
Moy, I do not regard my experiments as a dead failure, as

I have succeeded in making a machine which has a lifting

efiect greater than its total weight.

Mr. Moy concludes by suggesting that I should go to

Salisbury Plain and propel my machine with a rope,

instead of with screw propellers. The machine which
depends upon a rope, and is secured to the earth by a rope,

would in no sense be a flying machine ; moreover, at the

present time I am able to obtain a screw thrust of over

two thousand pounds, and I find this quite sutficient to

propel my machine through the air ; in fact, if I cannot
make a machine which will fly with a screw thrust of two
thousand pounds, I think I had better abandon the whole
thing. Iq my early experiments with a small apparatus I

succeeded in lifting as much as fourteen times my screw
thrust, but this was only computing the power actually

required for driving the plane through the air. At the

time of planning my large machine I expected to be

able to obtain a screw thrust of fifteen hundred pounds,

and to carry as much as ten times the screw thrust..

When, however, my machine was completed, I found

that I could obtain a screw thrust of over two thousand
one hundred pounds, but that 1 was uaable to lift ten

times the thrust, on account of the great number of tubes

and wires which were necessary to hold the engines and
the aeroplanes in position, and to give the necessary rigidity

to the structure. The machine in its present condition

lifts rather more than five times the screw thrust, but I am
of the opinion that if I should rebuild it I should be able

to lift at least ten times the screw thrust.

I receive many letters with suggestions similar to those

so kindly given lue by Mr. Moy. I have not the least

objection that Mr. Moy, and the rest of my numerous
voluntary advisers, should go to Salisbury Plain, or in fact

anywhere else, and spend the remainder of tiieir lives

propelling their machines with ropes, but as far as I am
concerned I have found the screw a very efficient propeller

—

in fact, the ideal propeller for aerial navigation, because it

enables mo to apply a very large amount of power in a

eoniinuous manner without the agency of any complicited

lever motions, and I am able to obtain a screw thrust which
is quite sufficient to cause a well-made flying machine to

mount in the air. Hiram S. Maxim.

NottcfS of Booifeg.

THE jniKUKRLAND BETWEKX VERTEBRATES AND
IXVEKTEBRATES.

AmpJdoxus and the Ancestry nf the Vertelmites. By
A. Willey. (Macmillan, 1891, 8vo., pp. 316, illustrated.)

Unfortunately, we have at the present day but few living

animals which can in any sense be regarded as connecting

links between any of the great primary groups into which
the animal kingdom is divided ; and, accordingly, when
we do find such a link, or anything approaching thereto,

the interest it excites is all the greater. One of these

links, or half-links, exists in the form of the curious little

animal commonly known as the lancelet, which, together

with the ascidiaus and those remarkable worm-like

creatures respectively termed Jjaldnoc/los.sus and Cepliahi-

iliseus, is now regarded as constituting a primary group—

•

the Protochordata—ranking in our scheme of classification

as equal to the Vertebrata.

First described by the German naturalist Pallas in

1778, from a specimen captured on the Cornish coast, the

lancelet was referred to that refuge for the destitute—the

MoUusca—where it remained till 1831, when it was re-

discovered by Costa, on the Neapohtan coast, who gave it

the name of Branehioxtomn, and placed it among the

fishes, in the neighbourhood of the lampreys and hags.

It was again discovered by Yarrell in 1830, who assigned
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the name of Amphioxus, and was the first to recog-

nize the existence of a cartilaginous vertebral column,
or notocbord. Tbe muscles of the body are divided into a

number of septa, and a rin.c; of tentacles surrounds the

margins of tbe mouth, while tbe notocbord is overlain by

the nerve-tube. The extension of the notocbord beyond the

anterior extremity of the latter is a very exceptional condi-

tion, and has suggested tbe name of Cepbalocorda for the

ordinal group of which the laneelet is the sole repre-

sentative. The atrium, or atrial chamber, is a cavity

surrounding most of the internal organs, and opening

by a relatively large aperture in tbe middle line of the

body. The absence of paired fins in the laneelet is

an important feature, as is the presence of a dorsal fin

running the whole length of the back, curving forwards in

front to join the ring of tentacles round tbe mouth, and
expanded posteriorly into a caudal fin.

As regards the habits of this extraordinary creature, the

author writes that " in consequence of tbe extension of tbe

firm, and at the same time elastic, notocbord to the t'p of

the snout, Amphiiunix possesses an extraordinary capacity

for burrowing in the sand of the sea-shore or sea-bottom.

If an individual be dropped from tbe hand on to a mound
of wet sand which has just been dredged out of the water,

it will burrow its way to the lowest depth of the sand-hillock

in the twinkling of an eye. Its usual modus virmdi is to bury
the whole of its body in the sand,leaving only tbe mouth with

tbe expanded buccal cirrhi (tentacles) protruding. When
obtained in this position in a glass jar, a constant inflowing

current of water, in which food-particles are involved,

can be observed in the neighbourhood of tbe upstanding

mouths. The food consists almost entirely of microscopic

plants (diatoms, desmids, &c.) and vegetable (libiis.

While passing through tbe pharynx, the food becomes
involved in the slimy secretion of a gland at the base of

the pharynx, and is thus held in tbe pbar3'nx while the

water with which it entered flows out through the gill-

sUts into the atrial chamber. The food is then carried

through the intestine enveloped in a continuous cord of

slime or mucus, which is kept in perpetual motion by
the action of the cilia with which the epithelium of the

alimentary canal is richly provided. Occasionally it

emerges from its favourite position in the sand, and after

swimming about for some time it will sink to the bottom,

and then recline for a longer or shorter period upon its

side on the surface of the sand. When resting on the

sand it is unable to maintain its equilibrium in the same
position, as an ordinary fish would do, but topples over on

its side, indift'erently to the right or left." This incapacity

is due to the absence of the semicircular canals of the

ear, which regulate the equilibrium in fishes. It may be

further observed that the laneelet is a completely passive

feeder, doing nothing in the way of biting, or even sucking,

but merely taking what may happen to enter its mouth
with the inflowing current of water.

As regards its distribution, tbe author observes that,

speaking generally, " the laneelet is an inhabitant of

shallow water ; it is essentially a littoral form, and is apt

to occur in the neighbourhood of any sandy shore. Its

occurrence, however, is often curiously local, as shown by
its behaviour at ^Messina. ... In the Gulf of Naples

it is extremely abundant ; while in Plymouth Sound, in

the English Channel^ it is comparatively rare. On the

coast of France it is said to grow to an unusually large

size. It has been taken in greater or less numbers from
many other localities in Europe, on the Atlantic and
Pacific shores of North and South America, and from the

shores of Australia, .Japan, and Ceylon. Its geographical

distribution may, therefore, be said to be pre-eminently

world-wide, and, in fact, it is liable to turn up on any shore
in the temperate and tropical regions."

In spite of this wide geographical distribution, all the
lancelets, of which there are some nine species, are
remarkably like one another, and form but a single geims.
Whether this similarity is evidence of the archaic nature
of these creatures (as the author considers to be the case)

may be doubtful ; but that the lancelets are an extremely
ancient type may be considered certain. That the laneelet

is not a fish is indisputable ; and the two main questions
connected with it and the other members of the Protochor-
data are : firstly, whether they are more closely connected
with the vertebrates or the invertebrates ; and, secondly,
whether they are simple or degraded types.

As regards the first question, tbe fact that both lancelets,

ascidians, Btihinciilossus, and Ceiihalodisctis show the essen-

tially vertebrate character of a dorsally-situated nervous
system, a notocbord, and gill-slits, indicates clearly that all

are nearer to the vertebrates than to the invertebrates, and
consequently, that they cannot be regarded as direct connec-
ting links between the two. Nevertheless, there are not
wanting some signs of connection between the chordate and
non-cbordate types ; the peculiar larva [Taniaria) of Balnno-
(/lossiis having marked resemblances to tbe larvse of the
echiuoderms ; while in the nemertine worms the proboscis

exhibits certain structural approximations to that of

Balinwrilosaux, which contains the notocbord. And here it

may be remarked, as a very curious circumstance that,

while in the latter the notocbord persists in the anteriorly

placed proboscis, in the larva of the ascidians it remains
in tbe tail.

On the subject of tbe degeneration, or otherwise, of the

existing Protochordates, the author (probably wisely) does
not pronounce any very decided opinion ; but tbe feature

last mentioned seems to indicate pretty clearly that, while
we may look upon these creatures to a certain extent as

retaining simple archaic features, yet that degeneration
has played no inconsiderable part in producing their

present structure. All that the author can suggest as to

the proximate ancestor of the vertebrates is, that it was
probably a free-swimming marine animal intermediate in

organization between the larva of an ascidian and the

laneelet.

In a work so admirably thought out and executed as is

the one before us, there is but little room for criticism

;

and we, therefore, need only conclude by saying that

"Amphioxus and the Ancestry of the Vertebrates " will long
remain the single authority on a most interesting and at

the same time a most difficult subject. While fall of

technical details, it is so clearly expressed as to be readable

by all acquainted with the rudiments of zoology.—E. L.
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Science Notes.

At the meeting of the Eoyal Society on November 30th
1894, the amiiversary address was dehvered by the Presi-

dent, Lord Kelvin. He dwelt more especiallj' on the labours

of Helmholtz, of the whole of whose great and splendid

work in physiology, physics, and mathematics, he doubted
whether any one man was qualified to speak with the

power which knowledge and understanding can give. All,

however, could appreciate to some degree the vast services

which Helmholtz had rendered to biology, by the application

of his mathematical genius and highly-trained capacity

for experimental research to physiological investigation.

In his researches on fermentation and putrefaction,

Helmholtz showed that they were not purely chemical
processes of slow combustion produced by oxygen, as was
hitherto supposed, but that they were almost certainly

due to the actual presence of a living creature—bacterium
as it is now called. This early work constituted a very
long step towards the great generalization of Pasteur,

adverse to spontaneous generation, and decisive in attri-

buting to living creatures, born from previous living

creatures, not only fermentation and putrefaction, but
a vast array of the virulent diseases and blights which
had been most destructive to men and the lower animals,

and crops and fruits, .\fter welcoming the establishment

of the Faraday-Davy Piesearch Laboratory, Lord Kelvin
went on to mention what was, to his mind, imdoubtedly
the greatest scientific event of the past year, the discovery

of a new constituent of our atmosphere. Lord Eayleigh,

in the course of a long research commenced in l.S8'2, in

order to obtain a redetermination of the densities of

the principal gases, attacked nitrogen resolutely, and
stimulated by most disturbing and unexpected difficulties

in the way of obtaining concordant results for the density

of this gas, as obtained from difierent sources, discovered

that the gas obtained by taking vapom- of water,

carbonic acid, and oxygen from common air was denser

by .^lo than nitrogen obtained by chemical processes from
nitric oxide, or from nitrous oxide, or from ammonium
nitrite, thereby rendering it probable that the nitrogen in

atmospheric air is a mixture of nitrogen and a small

proportion of some unknown and heavier gas. Eayleigh,

working with Eamsay, has since succeeded in isolating the
new gas, both by removing nitrogen from common air by
Cavendish's old process of passing electric sparks through
it, and taking away the nitrous compoimds thus produced
by alkaline liquor, and by absorption by metallic magnesium.
Thus there is given a fresh and most interesting verification

of a statement made by Lord Kelvin in his presidential

address to the British Association in 1871 :
—" Accurate

and minute measurement seems to the non-scientific

imagination a less lofty and dignified work than looking

for something new ; but nearly all the grandest discoveries

of science have been but the rewards of accurate measure-
ment and patient, long-continued labour in the minute
sifting of numerical results." Investigation of the new
gas has led to the wonderful conclusion that it does not
combine with any other chemical substance hitherto

presented to it ; and it is hoped that much more will be

known, before the next anniversary meeting of the Royal
Society, as to the properties of the hitherto unknown and
stiU anonymous fifth constituent of ovu- atmosphere.

The 1893 report of the Scotch Fishery Board (Part 3,

Scientific Investigation) . is before us. It reveals a wide
field still undeveloped for profitable scientific research, at

the head of which should have been placed a man of

recognized experience and ability. We cordially agree

that " the choice of the kind of individual should not be

left to Government."

THE IVY: ITS STRUCTURE AND GROWTH.
By the Eev. Alex. S. Wilson, M.A., B.Sc.

ALTHOUGH the associations connected with the

ivy in most persons' minds are poetical or his-

torical rather than scientific, this familiar plant is

singularly interesting because of the number of

noteworthy botanical characters it presents. Among
other peculiarities, the ivy blooms in winter. Its flowers

are produced in November and December, and some of our

readers may not have had many opportunities of seeing

them. They are formed in little clusters or umbels of ten

or twenty with the fiower-stalks radiating from the top of

the shoot, as indicated in the accompanying sketch. This

type of inflorescence is characteristic of and gives its name

Fuj. I.-— Flower of Ivy (Sedera helix).

1, L'mbcl ; 2 and 3, separate lloHcrs ; 4, vertical section, showiiLg

epigvuous insertion ; 5, transverse section of ovary; 6, aiiati-opal

ovule ; 7 and 8, stamen ; 9, bud, showing minute sepals ; 10, pollen

m'ains higiily magnified.

to the rmbelliferm or hemlock order, to which the ivy

family, Araliacex, is closely related. The umbel of the

i\'y is simple ; those of the hemlock family are mostly
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compound, each ray of the primary umbel terminating not

in a single flower, but in a smaller umbel. A curious

feature is the almost constant occurrence in the ivy of a

single isolated flower springing from a point considerably

lower than the umbel. On the specimen drawn (Fig. I., 1),

there were two of these detached flowers ; their presence

may be accounted for on the supposition that the umbel is

derived from the raceme. The latter is a more elongated

inflorescence, in which the individual flowers are separated

by joints or internodes of the main stem. These isolated

flowers of the ivy are possibly relics of this earlier condition

;

at the same time it is quite likely that some advantage
arises to the plant from the retention of this ancestral

character.

Each little flower has five green petals, which become
deflexed soon after expanding ; they are of short duration

and fall off after a few days. Alternating with the petals

are five free stamens ; the anthers open by a longitudinal

chink through which the pollen is discharged, and they are

attached to their stalks in the manner shown. (Fig. I., 7
and 8.) Both stamens and petals are inserted on the top

of the ovary, a position which is described as epigynous,

the ovary being inferior. These characters at once fix the

systematic portion of the ivy in the Calycifloral division of

polypetalous Dicotyledons, in which are included, among
others, the orders Biisare;c, Lii/uiiiinnsa, and UmbelUfercB.

From the last mentioned the ivy is at once distinguished

by its five, sometimes four-celled, ovary ; the fruit of

I'liiheUifera. being invariably two-celled. Attached to the

inner angle of each of the five cells is a single pendulous
seed or ovule, so reflexed that its stalk adheres to one side,

forming a ridge or raphe. This inverted or anatropal

condition is very usual, and has the advantage of bringing

the opening or micropyle close to the placenta to meet the

descending pollen-tube, which travels along the placenta.

Ivy pollen has the adhesive character common in entomo-
philous flowers ; the grams are broadly elliptical and remind
one of the pollen of the rock-rose. The style is short, and
its extremity forms the stigma ; there is no knob-hke
expansion, as so often is the case. The top of the ovary

offers, as it does also in the poppy, a convenient stage on
which visitors can alight. Nectar, in the form of numerous
minute drops, is secreted by the spongy tissue on the lid of

the ovary. The yellow colour of this secretmg surface

adds to the conspicuousness of the flowers; what attractive-

ness they possess is, however, mainly due not to the petals

but to the bright yellow anthers, and to the flowers grow-
ing together in a crowded inflorescence.

Notwithstanding its season of flowering, the ivy is evi-

dently adapted for insect fertilization. The pollen and stigma

are not those of an anemophilous blossom. Wmter flowers

are often self-fertilizing, but the exposed honey of the ivy

accessible to short-lipped insects indicates, as Delpino first

remarked, adaptation to the visits of flies. Miiller mentions
having seen the ivy visited by wasps. The stamens ripen

before the stigma, rendering self-fertilization unlikely, while

the position of the parts is also calculated to prevent it. On
a rocky piece of shore where the ivy grows in great profusion

I recently had an opportunity of observing its flowers in

perfection, and in none of those examined had any of the
pollen fallen on the stigmas. I was greatly interested,

however, to notice how frequently the flowers were visited

by blue-bottle flies. These insects were the only ones,

with the exception of gnats, which could be seen in the

neighbourhood of the ivy during my visits. From their

numbers, and from seeing them constantly at work in the

blossoms, I was firmly con\'inced that the ivy is mainly
indebted to the blue-bottle for the fertilization of its

flowers. Noone would di-eam of any connection between

ivy and blue-bottles

little of the grotesque.

Ivy flowers have a

which, if not disagreeable,

partakes of the fcetid or

ammoniacal character not
uncommon in blossoms
adapted to Diptera.
Blue-bottles, according

to Miiller, fertilize the

carrion-flowers of Sta-

pelia, and these flies, as

Dr..J. E. Taylor mentions
in his interesting work,
are often so completely

deceived by the putrid

odour that they make the

mistake of laying their

eggs on the petals of Sta-

the combination savours not a

faint though distinct odour.

Fig II.—-Ti'ausTerse Section of

Young Ivy Stem.

pelias in greenhouses. The ivy blossoms, in respect of these

visitors, might therefore almost be ranked as carrion-flowers.

One might easily overlook the five minute teeth between
the petals, which are all the ivy possesses in the way of

sepals. A better example of rudimentary and functionless

organs could hardly be named. Such vestiges or heirlooms
are held to prove the descent of the ivy from ancestors pos-

sessing both a calyx and a corolla. Sepals are protective

organs ; the entire inflorescence of the I'mhelUfera: is pro-

tected by the bracts, and the sepals, not being required, are

aborted, as in the ivy. The bracts at the base of the ivy

umbel are so small that they are useless as organs of

protection, and this office is therefore discharged by the

corolla. The sepals of the anemone, marsh marigold and
other flowers are brightly coloured and assume the office

of attraction, which properly pertains to the corolla ; it is

much more unusual to find petals, as in the ivy, doing

protective duty like sepals. Not only are they of very little

service in the way of attracting visitors, but their valvate

arrangement in the bud is a further approximation to the

sepaline character.

Green, though the normal colour of foliage leaves, is not

very common among petals. As all parts of a flower are

modified leaves, it might readily be supposed that a green

corolla results from arrested development, and represents

the early or primitive condition of flowers ; but it is much
more in accordance with our knowledge of flowers to

regard green petals as evidence of degeneration. Under
cultivation, as is well known, the numerous stamens of the

wild rose become transformed into the petals of the garden
variety. The frequency of such a change renders it

probable that petals were originally derived, not imme-
diately from leaves, but from stamens. If, as some suppose,

all flowers at first consisted of essential organs alone, and
if in those which were much visited by insects the corolla

arose from an outer row of stamens becoming sterilized

and petaloid for the purpose of attracting visitors, then, as

stamens are mostly yellow, the probability is that the first

petals would be yellow also. In the water-lily, again, not

only do the stamens gradually pass into petals, but the

latter shade ofl' into green sepals which must, therefore,

represent a later phase in the metamorphosis of a stamen
than a petal does. If the floral envelopes have originated

from stamens, as their condition in the water-lily would
lead us to believe, the green colour even of sepals cannot

be primitive, and much less can green be the primitive

colour of the corolla. Though somewhat speculative,

this theory of the origin of the corolla, which will be

found elaborated in Grant AUen's essay on the colours

of flowers, has still sufficient warrant to prevent
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III.- -Transverse Seetion of Fibro-vaseular

Btmdle.
IV.—Vertical Section of Fibro-vaseular

Bundle.

our assuming that green petals necessarily represent

an early stage in the evolution of the corolla. As regards
the ivy at least, there is little room for uncertainty ; the
inferior ovary and united carpels are certain marks of

advanced organization. The closest relationships of the ivy

order are with flowers having united petals, especially with
the CiiprifuUaci'a, which includes the honeysuckle, elder,

snowberry, guelder-rose, and laurustinus, and such i-elation-

ship is also indicative of a high degree of development.

The aborted

sepals, again,

afford clear

evidence of

degradation,

and when all

other parts

of the flower

show signs of

extensive
modification
it is highly

improbable
that the pe-

tals alone
should have
retained their

primitive
ch a racter.
The inflores-

cence, the
floral e n

-

velopes, and
the natural

affinities of the plant point unquestionably to ancestors

possessed of blossoms more gaily attired than those with

which the ivy is now adorned.

The ovary as it matures develops into a black berry,

which ripens in February. Ivy berries are said to possess

emetic properties. Baccate fruits of this description, as

explained in a previous article, have their seeds dispersed

through the agency of birds, which are attracted by the

colour and sweetness of tlio fruits.

The leaf arrangement of the ivy is alternate or spiral,

and each leaf is supported on a long foot-stalk. In size

and shape the leaves vary very much ; the three-lobed

form is frequent, but perhaps the five-lobed or palmatifid

is the typical form. This shape is thought by Sir John
Lubbock to possess the advantage of bringing the centre

of gravity near the point of support. There is a remarkable
difl'erence in the ivy between the leaves of the flowering

shoots and those which only bear foliage. The former
are narrow and lanceolate, while the latter are broad
and lobed. The breadth of a leaf would appear to be

determined to some extent by the distance beiween the

successive leaves, and the ivy affords an example of the

rule ; for the internodes of the flowering shoot are generally

much shorter than those of the leaf-bearing branches.

The upper surface of the leaf is glossy—a provision, in

Lubbock's opinion, to prevent snow accumulating on the

plant and breaking it down by its weight, as frequently

occurs with the branches of trees. Such a provision is, of

course, only needed by evergreens like the ivy which do
not shed their leaves in the autumn. The duration of the
leaves of evergreens varies : on the ivy, holly, and cherry-

laurel they remain through the winter, and only fall ofl'

when the new ones are developed in the spring ; those of

the araucaria, on the other hand, persist for several years.

The brown marbling often seen on ivy leaves is due to the

presence of a red-coloured sap in some of the cells.

Fie. V.—Sections of Older Stem.

Variegation occasionally arises, as in other plants, from the
absence or defi-

ciency in certain

parts of chloro-

phyll,as the green
colouring matter
of plants is called.

For this vegetable

albinoism it is

difficult to assign

a cause, though
we have seen ivy with the dodder growing on it, in which
the variegation appeared to be the direct result of the
action of the parasite. The ivy appears, however, to be as

a rule a remarkably healthy plant, injurious insects and
parasitic fungi rarely injuring it.

The climbing habit of this plant gives it considerable
advantage over other species which have to form an erect

self-supporting stem. A climber can get its leaves exposed
to the light more rapidly and with less expenditure of

material than a plant which does not climb. Climbing
species are very numerous, especially in tropical forests,

where almost every tree may be festooned with rope-like

twiners. In such situations the struggle for light is intense
;

slow-growing plants, getting overtopped by those of rapid

growth, perish, while climbers enjoy every advantage.
The latter attain their object in a variety of ways ; the
hop and convolvulus by means of a spontaneously revol-

ving stem, the passion flower by sensitive curling tendrils,

Clematis and Tropieolnm by means of their twisted leaf-

stalks, and the bedstrawby the help of its epidermal booklets.

In the ivy and creeping fig, the climbing is effected by
means of adventitious roots emitted from various parts of

the stem and branches. That these are really roots is

shown by their deep-seated origin and by the root-collar

they form at the point where they burst through the

cortical layers of the stem. These roots are, however,
merely organs of support, and do not injure the tree on
which they grow, as the roots of a parasite like the mistletoe

do by absorbing its sap. The ivy is not, therefore, a parasite

but simply an occasional epiphyte, which depends on other

plants for mechanical support only. Besides climbers,

uiany tropical orchids are also epiphytic in their habits.

A peculiarity of

the ivy stem
greatly

it in

its

Fig. VI.—Transverse Section of Leaf,

tendency being to bend away from

which
assists

climbing i

negative helio-

tropism. The
stems of most
plants bend to-

wards the light,

but the ivy stem
is exceptional, its tendency Deing to Deud away
light. The effect of this tendency is to press the young
branches very close against any supporting wall or tree, so

that the little roots are able to adhere firmly, and their

outer cells being converted into a kind of mucilaginous

cement, the ivy is thus glued to its support.

On the flower-stalk the surface is slightly furred. The
microscope shows this to be due to curious stellate hairs

which have an odd resemblance to a starfish. Hairs on

the stalks of flowers, as Kerner has taught us, serve to

exclude creeping insects, only winged visitors being of use

for cross-fertilization. Possibly, these star-shaped hairs

serve this purpose in the ivy, but in any case they illustrate

the transition from hairs to scales, the latter being merely

flattened hairs.
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The ivy is a very convenient plant for microscopical

study. With a wet razor one can easily make transverse

and longitudinal sections which show admirably the

principal features in the histology of dicotyledons. The
cross section of the stem forms a beautiful microscopic

object. Fig. II. shows a ring of twenty fibro-vascular

bundles, in the centre of which are seen the large thin-

walled cells of the pith. The space between the vascular

ring and the epidermis is filled with cortical parenchyma,

also consisting of thin-walled cells. Connecting this latter

with the pith are plates of cellular tissue, which pass

between the bundles and are called the medullary rays.

In Fig. III. a single bundle is shown more highly magnified.

In this we may note on the left the air canal ; next

this a quantity of bast composed of thick-walled or

Eclerenchymatous cells ; inside of this is the soft bast, the

inner portion of which is the cambium layer, where the

cells are seen undergoing division. The wood of the

bundle lies just inside the cambium ; its cells are repre-

sented in a darker shade. Large spiral vessels are seen

towards the inner part of the wood, and on the face

of the bundle next the pith are more thick-walled

sclerenchymatous cells. One of the stellate hairs is

represented on the outside. Bundles similar to the above

compose the veins of the leaf ; while a section of the leaf

shows that in the ivy the difl'erence between the upper

stratum of closely packed palisade cells and the lower

one of laser tissue is especially marked. The palisade

cells, covered by the upper epidermis which is devoid

of openings, constitute a tissue adapted to retain water,

and the tissue of the lower half of the leaf is full of

large intercellular passages ; the cells, in fact, only form

a kind of framework. These passages communicate
with the external air through the stomata on the under

side of the leaf. This lower stratum is, therefore, a

tissue which has been specialized for the elimination

of watery vapour. The epidermal cells of the leaf, as in

a number of cases, present a wavy outline — bordered

pits, not unlike those of the pine, occur in the cells of

the wood ; but a better idea of the anatomical structure

will be obtained from the drawings than from any descrip-

tion in words.

Geographically the ivy is an outlier, being the only

European representative of its family ; the rest of the order

are tropical or sub-tropical, a significant circumstance,

going to show that the ivy has acquired its peculiar

characteristics in adaptation to the more rigorous con-

ditions of colder latitudes.

THE SCORPION'S STING.
By C. A. Mitchell, B.A.Oxon.

AMONG invertebrate animals the scorpion occupies

an invidious position very similar to that held

by the serpent among the vertebrate. Each is

regarded with fear and dislike, and to each a

malignity has been attributed which it does not

possess. The scorpion, perhaps, has suti'ered even more
than the serpent from this exaggerated disgust ; but

although its fierceness may justify some of the epithets

applied to it, it is but fair to take into account the fact

that it only uses its weapon for the natural purposes of

procuring food and defending itself when molested.

There are upwards of two hundred species of the scorpion

known, but only about a dozen are found in Europe. The

larger and more dangerous species all occur in tropical

countries, and in India arid Africa are sometimes fatal to

human life. The three kinds which have been most

studied are Srorpiu curnpaus, which is common in caves

in South Europe ; Scoi-pio oiritanus, also a European
species ; and Scurpin afcr, the dreaded African scorpion.

The poison apparatus is situated in the last of the six

joints of the tail. It consists of a bent, horny sting, having
on each side of it a long opening communicating with the

two glands secreting the poison. When running, the

scorpion has its tail curved over its back, and on striking

suddenly straightens it, thus bringing the sting downwards.
At the moment when it is preparing to strike, a droplet of

poison has been seen to exude from the duct, but more
is forced out when the sting meets the resisting body.
The amount of poison secreted, at any rate in the

European varieties, is very small. .lusset estimated the

quantity in a specimen of H. occUanux, two inches in length,

at '03 of a grain. This quantity, however, was sufficient

to kill a fair-sized dog, and Paul Bert found that a scorpion

of about the same size contained enough to rapidly destroy

three frogs in succession.

From the difficulty of obtaining sufficient for the purpose,

the chemical nature of the poison has been but little

studied. In appearance it is a clear, limpid liquid, with a

pungent smell and slightly acid reaction. It is soluble in

water in all proportions, but is insoluble in alcohol and
ether. Its density is a little greater than that of water.

Under the microscope transparent epithelial fragments and
fine granular matter may occasionally be noticed. The
fact that it is coagulated by alcohol points to its being of

an albuminoid ' nature, and this would agree with Joyeux-
Laftuie's suggestion that it is of analogous composition to

snake venom, possibly containing some principle similar to

the I'chidnin obtained by Prince Lucien Bonaparte from
the venom of the viper. The fine granules referred to

above are soluble in acetic acid and weak solutions of

potash, but beyond this little is known of their properties

or of what ]part they play in the action of the poison on
the animal system.

The physiological etJ'ects of the venom as a whole have
been frequently described since Maupertuis proved, in 1731,

that though the sting of the common scorpion might prove
fatal to a small quadruped, such a result was very rare.

The general symptoms following a sting are (1) local

inflammation, [2) convulsions caused by the action of the

poison on the nerve centres, and (3) paralysis from its

action on the extremities of the motor nerves.

Jusset stated, as the result of his experiments, that the

venom acted directly on the red corpuscles of the blood,

causing them to adhere together, thus obstructing the

entrance to the capillaries, and stopping the circulation.

Other observers, however, do not confirm his conclusions.

According to Paul Bert the blood is not affected. He found

there was no alteration in the blood of the heart of

frogs which had died from the effects of the sting, with

the exception of one case where it appeared very dark at

first but reddened on contact with the air. In no instance

was its power of coagulating destroyed. He, therefore,

considered the venom as a nerve poison only, which, like

the South American poison nii-arc, acted on the motor
nerves while it left the sensibility untouched, but which,

unlike curaiv, produced violent convulsions analogous to

those produced by strychnine. Valentin+ suggested the

possibility of using rurair as an antidote. When a little of

this substance was introduced under the skin of frogs before

being stung, the symptoms were greatly modified and
electrical stimulus now produced no muscular contraction.

The frogs recovered in two or three days, while others not

thus treated perished from the effects of the sting.

As in the case of the bite of a venomous serpent, the

See Knowlbbse, June, 1894. t Zeit.fiir Biolor/ie, Bd. XII.
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severity of the symptoms depends a good deal on the

condition of the scorpion which inflicts the wound. Eeid
found that the venom of a small African species was
speedily exhausted. He caused pigeons to be stung in

rapid succession by the same scorpion. The first died

almost immediately, the second recovered after some time,

while the third was proof against a dozen stings. With
the larger tropical varieties, some of which attain a size of

nine or ten inches, he would probably have obtained very

different results.

The venom appears to be without action when taken
internally, since mice, which succumb rapidly when stung,

wUl devour scorpions without being any the worse. This
is another point of resemblance between it and snake

poison.

Since the scorpion feeds on small insects, it is natural to

find that on them the poison acts with great rapidity. A
cricket stung in the leg became paralyzed almost imme-
diately ; spiders died in a few minutes ; and a thelyphonui,

a species closely allied to the scorpion tribe, though not

venomous, succumbed in ten seconds.

It is possible that a scorpion may be able by means of

its sting to destroy another less venomous species, but it

is highly improbable that it should be able to do the same
to one of its own kind, and there is no reliable evidence to

prove that such is the case. If it were so, it would be a

strong point in favour of those who have given accounts of

having seen the scorpion commit suicide. It has often

been asserted that when sun-ounded with a circle of

glowing charcoal, the insect runs all round endeavouring
to make its escape, and when unable to do so, deliberately

stings itself to death. Maupertuis tried the experiment,

but with a negative result. Later writers, however, are

very positive on the point. Surgeon- General Bidie'-'

describes how the rays of a burning-glass, concentrated on
the back of the scorpion, caused it to use its sting and die

immediately. Gilhuan ' gives similar affirmative evidence.

There appears, however, to be little doubt that these

gentlemen misinterpreted what they observed, and that

the scorpion must be acquitted of this one, at least, of the

charges brought against it.

Prof. Bourne,^ who examined experimentally the evidence

on this question, came to the conclusion that although
the scorpion, when exposed to heat, often appears to use
its sting as a speedy method of ending its misery, in

reality it does not do so. His experiments show that

while it is physically capable of stinging itself, and though
there can be no doubt that in its writhing the sting often

does penetrate its back, yet there is no proof that the venom
ha^ any effect. He found that when he pierced the back
of a scorpion with its own sting or with that of another
insect, no ill effects followed ; and as corroborative evidence

he urges that when scorpions are fighting, though they
frequently sting one another, they do their actual killing

by pulling their opponents to pieces. In no instance did

he see one insect perish from the sting of another, the only
effect being to occasionally render it sluggish for a short

time. The real explanation of the so-called suicide is

that the scorpion is extremely sensitive to heat, and that

some observers have attributed to the venom an efiect

which is due to the heat alone. When exposed to a tem-
perature of over 50^ C. the scorpion runs about, lashing

itself with its tail, and in a few minutes becomes motionless.

The same thing happened when one was placed in a dish

exposed to the rays of an Indian sun, the insect becoming
torpid in from seven to ten minutes. That the venom

* Salui-e, A'ol. XI. + Xafui-e, Vol. XX.
I Proe. Soy. Soc, 1887.

played no part in this result Bourne proved by experiments
in which the sting was removed, or prevented from being
used by being tied down, when the scorpion died as quickly
as before.

These experiments appear so conclusive that the question
may be looked upon as definitely settled once for all. And,
as in many other cases, where poetry has borrowed similes

from natural science, which later knowledge has shown to

be false, these proofs of the insect's innocence of suicidal

inclination take the point from Lord Byron's simile, and
some other comparison must be found for a mind which
"broods o'er guilty woes " than that of "the Scorpion
girt by fire."

THE FACE OF THE SKY FOR JANUARY.
By Herbert Sadler, F.R.A.S.

SOLAR spots and facute show a diminution both in

number and size. Conveniently observable minima
of Algol occur at lOh. 56m. p.m. on the 13th, 7h. 4.')m.

P.M. on the 16th, and 4h. 34m. p.m. on the 19th.

A maximum of the beautiful variable star o (Mira)

Ceti occurs on the lith. The magnitude at maximum is

somewhat variable ; in 1790 it was as bright as a first

magnitude, whUe in 1868 it did not exceed a fifth magni-
tude star. The interval from first visibility to the naked
eye to maximum is six weeks, and from maximum to in-

visibility to the naked ej'e about ten weeks.

Mercury is invisible during the greater part of January,
being too near the Sun. On the 27th he sets at oh. 40m.
P.M., or about Ih. after the Sun, with a southern declina-

tion of 16° 85', and an apparent diameter of 5~", /^jths

of the disc bemg illuminated. On the 31st he sets at

6h. 4m. P.M., or Ih. 18m. after the Sun, with a
southern declination of 13° 54', and an apparent diameter
of 5j", Tyj^'lis of *'1'6 disc being illuminated. He is in

superior conjunction with the Sun on the 10th. While
visible he describes a direct path through a portion of

Capricornus to the confines of Aquarius, being near the

5^ magnitude star /x. Caprlcorui on the 30th.

Venus is an evening star, but like Mercury, is too near
the Sun to be observed tLU the end of the month. On the

21st she sets at 5h. 31m. p.m., or Ih. 3m. after the Sun,
with a southern declination of 18° 6', and an apparent
diameter of 10-0", yVu^'is of ^^^ "iisc being illuminated. On
the 31st she sets at 6h. 4m. p.m., with a southern decUna-
tion of 14° 12', and an apparent diameter of lOJ", tVo'^'^
of the disc being illuminated. WhUe visible she is near
Mercury, pursuing nearly the same path in the heavens.
Mars is an evening star, but is rapidly dwindling in

apparent size and brightness. On the 1st he sets at

2h. 19m. A.M., southing at 7h. 8m. p.m., with a northern
declination of 12° 40', and an apparent diameter of 10|",

the phase on the n f hmb amomiting to 1-1". On the

11th he rises at llh. 26m. p.m., with a northern declination

of 14° 15', and an apparent diameter of 9f", his bright-

ness being about what it was at the beginning of June.

On the 21st he rises at lOh. 55m. a.m., with a northern
declination of 15° 52', and an apparent diameter of 8|".

On the 31st he rises at lOh. 26m. a.m., with a northern
declination of 17° 29', and an apparent diameter of 8"

;

the phase amounting to 0-9 ". During January he
describes a direct path in Aries.

Jupiter is an evening star, and is admirably situated

for observation. He sets on the 1st at 7h. 84m. a.m.,

or 34m. before sunrise, with a northern declination of
28° 15', and an apparent diameter of 46J". On the 12th

he sets at 6h. 45m. a.m., with a northern declination of
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23° 16', and an apparent diameter of 46". On the 22nd
he sets at 6h. Im. a.m., with a northern decHnation of
23° 17', and an apparent diameter of 4.5V. On the 31st
he sets at 5h. 22m. a.m., or 2h. 21m. hefore sunrise, with
a northern declination of 23° 18', and an apparent
diameter of llj''. During the month he describes a short
retrograde path from the confines of Gemini into Taurus,
being exceedingly near the 5th magnitude star 1 Geminorum
on the 5th. The following phenomena of the satellites

occur while the Sun is more than 8° below and Jupiter 8°

above the horizon :—On the 2nd an occultation reappearance
of the first satellite at 5h. 3f)m. a.m. ; a transit ingress of the
second satellite at 8h. 4m. p.m., and of its shadow at 8h.
37m. P.M.; a transit egress of the satellite at lOh. 40m. p.m.,

and of its shadow at lib. 14m. p.m. On the 8rd a transit
ingress of the first satellite at 2h. 57m. a.m , of its shadow
At 3h. 14m. A.M.

; a transit egress of the satellite at 5h. 13m.
A.M., and of its shadow at 5h. 30m. a.m. On the 4th an
occultation disappearance of the first satellite at 5h. 5m. a.m.;

a transit ingress of the third satellite at Ih. 57m. a.m.
;

an eclipse reappearance of the first sateUite at 2h. 37m. 39s.
a.m. ; a transit ingress of the shadow of the third satelHte
at 8h. 11m. a.m., a transit egress of the sntellite itself at
4h. 46m. a.m., and of its shadow at 6h. 3m. a.m. ; an
eclipse reappearance of the second satellite at 6h. 13m. 8s.
P.M. ; a transit ingress of the first satellite at 9h. 23m.
P.M., and of its shadow at 9h. 43m. p.m. ; a transit
egress of the first satellite at llh. 39m. p.m., and
of its shadow at llh. 59m. p.m. On the 5th an
occultation disappearance of the first satellite at 6h. 31m.
P.M., and its eclipse reappearance at Dh. 6m. 223.
P.M. On the 6th a transit egress of the first satellite at
6h. 5m. P.M., and of its shadow at 6h. 28m. p.m. On the
7th an eclipse reappearance of the third sateUite at
7h. 46m. 49s. p.m. On the 8th an occultation disappear-
ance of the second satellite at 4h. 8m. a.m. On the 9th a
transit ingress of the shadow of the fourth satellite at
4h. Om. 55s. a.m., its transit egress at 5h. 18m. a.m. ; a
transit ingress of the second satellite at lOh. 20m. p.m.,

of its shadow at llh. 14m. p.m. On the 10th a transit
egress of the second satellite at Oh. 57m. a.m., and of its

shadow at Ih. 52m. a.m. ; a transit ingress of the first

sateUite at 4h. 41m. a.m., and of its shadow at 5h. 9m. a.m.
On the 11th an occultation disappearance of the first

satellite at Ih. 50m. a.m., its eclipse reappearance at
4h. 32m. 44s. a.m. ; a transit ingress of the third satellite

at 5h. 15m. a.m. ; an occultation disappearance of the
second satellite at 5h. 15m. p.m., its eclipse reappearance
at 8h. 48m. 38s. p.m.

; a transit ingress of the first sateUite
at llh. 7m. p.m., a transit ingress of its shadow at
llh. 37m. P.M. On the 12th a transit egress of the first

satellite at Ih. 23m. a.m., and of its shadow at Ih. 54m.
p.m.

;
an occultation disappearance of the first satellite at

8h. 16m. P.M., and its eclipse reappearance at llh. Im. 29s.
P.M. On the 18th a transit ingress of the first sateUite at

5h. 33m. P.M., and of its shadow at 6h. 38m. p.m. ; a transit
egress of the first satellite at 7h. 50m. p.m., and a transit
egress of its shadow at 8h. 23m. p.m. On the 14th an
eclipse reappearance of the first satellite at 5h. 30m. 19s.
p.m. ; an occultation disappearance of the third satellite at
6h. 43in. P.M., and its eclipse reappearance at llh. 48m. 5s.

P.M. On the 17th a transit ingress of the second satellite at
Oh. 38m. a.m., and of its shadow at Ih. 51m. a.m. ; a transit
egress of the sateUite at 3h. 15m. a.m., and of its shadow
at 4h. 29m. a.m. On the 18th an occultation disappearance
of the first sateUite at 3h. 35m. a.m. ; an occultation
disappearance of the second satellite at 7h. 31m. p.m., and
its ecUpse reappearance at llh. 28m. 58s. p.m. On the
19th a transit ingress of the first sateUite at Oh. 52m.

A.M., and of its shadow at Ih. 82m. a.m. ; a transit egress

of the satellite at 3h. 8m. a.m., and of the shadow at

3h. 48m. A.M. ; an occultation disappearance of the first

satellite at lOh. Im. p.m. On the 19th an eclipse

reappearance of the first satellite at Oh. 56m. 44s. a.m.
;

a transit egress of the shadow of the second satellite

at 5h. 48m. p.m. ; a transit ingress of the first satellite

at 7h. 19m. p.m., of its shadow at 8h. Im. p.m. ; a

transit egress of the satellite at 8h. Im. p.m., and of its

shadow at 9h. 35m. p.m. On the 21st an eclipse reappear-

ance of the first satellite at 7h. 25m. 36s. p.m. ; an
occultation disappearance of the third sateUite at Oh. 54m.
a;m., its eclipse disappearance at Ih. 2m. 49s. a.m., and
its eclipse reappearance at 3h. 49m. 21s. a.m. On the
24th a transit ingress of the second satellite at 2h. 58m.
A.M., and of its shadow at 4h. 28m. a.m. On the 25th a
transit egress of the shadow of the third satellite at

6h. 5m. P.M.
; an occultation disappearance of the second

satellite at 9h. 49m. p.m. ; a transit ingress of the shadow
of the fourth satellite at lOh. 89m. p.m., and its egress at

llh. 48m. p.m. On the 26th an eclipse reappearance of

the second satellite at Ih. 59tn. 193. a.m. ; a transit

ingress of the first satellite at 2h. 38m. a.m., and of its

shadow at 3h. 27m. a.m. ; an occultation disappearance of

the first satelUte at llh. 48m. p.m. On the 27th an
eclipse reappearance of the first satellite at 2h. 52m. 6s.

a.m. ; a transit ingress of the shadow of the second satellite

at 5h. 47m. p.m., a transit egress of the satellite itself at

6h. 46m. P.M., and of its shadow at Kh. 26m. p.m. ; a

transit ingress of the first satellite at 9h. 5m. p.m.. and
of its shadow at 9h. 55m. p.m. ; a transit egress of the
satellite itself at llh. 21m. p.m. On the 28th a transit

egress of the shadow of the first satellite at Oh. 12m. a..m.
;

an occultation disappearance of the first satellite at

6h. 15m. P.M., and its eclipse reappearance at 9h. 21m.
p.m. On the 29th an occultation disappearance of the

thii'd satellite at Ih. 32m. a.m.; a transit egress of the

first sateUite at 5h. 48m. p.m., and of its shadow at

6h. 41m. P.M.

As Saturn does not rise till after midnight at the end of

the month, we defer an ephemeris of him till February
;

and Uranus is also, for the purposes of the amateur,

invisible.

Neptune is an evening star, and is well situated for

observation. He rises on the 1st at 2h. 5m. p.m., with

a northern declination of 20° 57', and an apparent

diameter of 2-7". On the 81st he rises at three minutes
after noon, with a northern declination of 20° 54'. A map
of the small stars near his path will be found in the

Eni/lish Mechanic for September 7th, 1894. He describes

a short retrograde path in Taurus to the S.W. of i Tauri.

December is a fairly favourable month for the observation

of shooting stars, the most important shower being the

Quadrantids, the radiant point being in R.A. 15h. 12m.
and 53 north declination, the greatest display being visible

during the morning hours of .January 1st to 3rd.

The Moon enters her first quarter at 7h. 52m. a.m. on the

4th ; is fuU at 6h. 50m. a.m. on the 11th ; enters her last

quarter at lOh. 55m. p.m. on the 17th ; and is new at

9h. 26m. P.M. on the 26th. She is in perigee at midnight
on the 11th, and in apogee at 6h. p.m. on the 26th. At
7h. 50m. P.M. on the 1st the 5^ magnitude star h^

(83) Aquarii will disappear at an angle of 117°, and
reappear at 8h. 23m. p.m. at an angle of 176°. At 8h. 49m.
P.M. on the 6th the 6th magnitude star 47 Arietis wUl
disappear at an angle of 66°, and reappear at lOh. 4m.
P.M. at an angle of 248°. On the evening of the 7th the

Moon will pass through the Pleiades. At 8h. 55m. p.m.

the 4th magnitude star 17 Tauri (Electra) will make a
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near approach at an angle of 337°. At 4h. Om. p.m. the

4^ magnitude star 23- Tauri iMerope) will disappear at an
angle of 41^, and reappear at 4h. 55m. v.u. at an angle of

271°. At 4h. 37m. p.m. the 3rd magnitude star -ij Tauri

(Alcyone) will disappear at an angle of 31", and reappear

at 5h. 29m. p.m. at an angle of 280~. At 5h. 10m. p.m.

the 3f magnitude star 27 Tauri (Atlas) will disappear at

an angle of 76°, and reappear at 6h. l.jm. p.m. at an angle

of 236". At 5h. 14m. p.m. the 5i magnitude star 27 Tauri

(Pleione) will disappear at an angle of 60°, and reappear

at 6h. 20m. p.m. at an angle of 252°. At 3h. 37m. p.m.

on the 9th the H magnitude star 130 Tauri will disappear

(in sunlight) at an angle of 110°, and reappear at 4h. 22m.
P.M. at an angle of 234°. At 7h. 21m. p.m. on the 10th

the 5^ magnitude star 47 Geminorum will disappear at an

angle of 66°, and reappear at 8h. 16m. p.m. at an angle of

300°. At 7h. 25m. a.m. on the 12th the 4f magnitude star

y Cancri will make a near approach at an angle of 23°. At

4h. 8m. A.M. on the 13th the 6th magnitude star 8 Leonis

will disappear at an angle of 124°, and reappear at 5h. 11m.
A.M. at an angle of 298°. At oh. 6m. a.m. on the 15th the

5th magnitude star r Leonis (a pretty, though wide, double

star ; 5, 8 magnitudes, 169°, 95°) will disappear at an angle

of 143', and reappear at 6h. 11m. a.m. at an angle of 291°.

At 5h. 48m. a.m. on the 17th the 5^ magnitude star

49 Virginis will make a near approach at an angle of 217°,

and at 6h. 12m. a.m. the 6i magnitude star 50 Virginis

will make a near approach at an angle of 135°.

d^t^n Coltttttn.

By 0. D. LooooK, B.A.Oxon.

CoMMTJNioATioNs for thls oolumn should be addressed to

C. D. LococK, Biu'wash, Sussex, and posted on or before

the 12th of each month.
Sohitions of Ihcemher Problems (A. C. Challenger).

No. 1.

Q to E3 and mates next move.

Correct Solutions received from A. E. Whitehouse,

J. T. Blakemore, A. Louis, G. G. Beazley, White Knight,

W. Willby, N. AUiston, E. W. Brook, J. St. L. Kirwan,

F. H. Bolton.

No. 2.

Author's Solution.—1. Q. to Kt3, &c.

(Thfere is, unfortunately, another solution discovered by

most of our solvers, begmning with 1. Kt to K2.)

Correct Solutions received from H. S. Brandreth,

A. Louis, W. Willby, White Knight, N. Alliston, A. E.

Whitehouse (author's solution), J. T. Blakemore (both

solutions), E. W. Brook, .1. St. L. Kirwan.

Alpha should have been credited with correct solutions

of both the November problems.

N. Alliston.—Key-moves alone are quite sui^cient.

E. H. R.—Communication received just a day too late

for insertion last month.
TT'. WiUbi/.—Tour two-mover is a gi-eat improvement on

the last, but it is rather lacking in variety, and there are

duals after 1. . . P becomes B or Kt, besides the one you
mention. Could you not contrive to eradicate these and
obtain additional variety at the same time '?

A. (r. Filloiri-s.—You will discover the sui-mate below.

The four-mover we shall be glad to publish next mouth
without the dedication, if you have no objection. There

are so many dedicated problems nowadays that one feels

inclined, perhaps unreasonably, to discourage the custom.

J. St. L. Kiriian.—Thanks for the problem, which shall

be examined.

PROBLEMS.

By A. G. Fellowes.
Black (R).

^^ ^L;,. ->Ai //

^^^--»« m i^j

^J^!^^^^_

C„„,„^^ „„,„^im.mm mm
White (10).

White compels Black to mate in six moves.

Mr. Fellowes informs us that the above problem was
composed expressly for Knowledge with the board and
men which he won as first prize in our recent Problem
Tourney. Those of our solvers who succeed in fathoming
the ingenious idea will agree with us that the result is

fully worthy of the means employed, and an excellent

testimonial to the value of the same. To encourage the

timid we may state that White's moves are all checks, and
Black's replies all forced. Those who like something
simpler will find it below, adorned with perhaps one
" surprise " mate.

By C. D. LococK.

Buck (2).

m///y'.

/

V
vy/////^'' v///////^' y/////,w

White (5).

White mates in two moves.

The following game was played in the Surrey c. Sussex

match at Brighton on December 8th. The score is from

the Dnili/ News.

" French Defence."

H
White.
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EDITORIAL NOTE.

The lamented death of Mr. A. Cowper E.any.ard

renders new arrangements necessary for the conducting

of Knowledge. It is due to the readers of the Magazine

to state broadly what these arrangements will be.

The pages devoted to Astronomy will be edited for

the present by Mr. E. Walter Maunder, Hon. Sec,

Royal Astronomical Society, who has already received

hearty assurances of help Irom several leading astro-

nomers, both at home and abroad. A'arious plates, of

equal merit with any that have previously appeared,

will be issued during the year.

The old staff of writers will continue to give their

valued support to the Magazine, and fresh writers will

render it their help. The Magazine will maintain its

present high character and will continue to be generously

illustrated, while efforts will be made to render it, if

possible more attractive to the general reader.

ARTHUR COWPER RANYARD AND HIS WORK.
By W. H. Weslky, Assist. Sec, R.A.S.

OUR readers have already learned the severe loss
which has been sustained, not only by this journal
but by science, in the death of our late esteemed
Editor, Mr. Arthur Cowper Ranyard.
He was born on June 21st, 1845, at Swanscombe,

Kent. His mother was well known for her philanthropic
work, and for her writings on religious subjects, under the
signature of " L.N.R." The family removed to London
during Mr. Ranyard's youth, and he was at University
College School from 1857 to 1860, after which he attended
Prof. De Morgan's classes at University College, and
formed an intimate friendship with the son of the professor,
Mr. George De Morgan. In 1861 the two young men
formed the plan for a society for the study of mathematics,
and a circular, signed by both as "Hon. Sees, pm tern.."

was issued, inviting attendance at the first meeting of
"The University College Mathematical Society." The
first meeting was held on January 16th, 1865, when Prof.
De Morgan was elected president, and Messrs. Cozens-
Hardy and Bompas secretaries. At this meeting Mr.
Ranyard read the first paper, "On Determinants." Being
supported by Prof. De Morgan and other eminent mathe-
maticians, the association flourished, and has grown from
a students' society into the present "London Mathematical
Society." Mr. Ranyard left the Council soon afterwards,
as he was proceeding to Cambridge, where he entered
Pembroke College, and took his degree of B.A. in 1868.
He had already been elected a Fellow of the Royal

Astronomical Society in 1863, at the early age of eighteen,
and in 1872 became a member of the Council, on which he
remained, with an interruption of only four years, till the
time of hia death. From 1874 to 1880 he filled the office

of honorary secretary, for which he was especially fitted

from his abUity, industry, and invariable courtesy.

Entering the legal profession, he was called to the bar
in 1871, since which time, though engaged in practice, his

love for science led him to devote most of his spare time
to the study and promotion of astronomy.

In 1870 a joint committee of the Royal and Royal
Astronomical Societies organized an expedition to Sicily

for the observation of the total solar eclipse in the
December of that year, Mr. Lockyer being secretary and
Mr. Ranyard assistant secretary to the expedition. The
weather was, unfortunately, unfavourable, the sky being
more or less obscured at all the stations, but at Villasmunda
Mr. Ranyard made a very successful series of polariscopie

observations.

After his return he was requested by the late Sir

George Airy to assist in the serious tisk of collating and
systematizing the observations of the eclipses of 1860 and
1870. The work, as it proceeded, greatly extended its

scope, and ultimately devolved upon Mr. Ranyard alone.

The outcome was the great eclipse volume of the Royal

Astronomical Society, in which are given and discussed

the results of all kuown eclipse observations down to 1878.

The labour involved was very great, more than a year

being occupied in cataloguing the details visible upon the

corona photographs of the eclipse of 1871, and the work

was only finished at the end of 1879.

His experience in the examination of eclipse photographs

led him in 1872 to undertake, in conjunction with Lord
Crawford, a series of experiments on photographic irradia-

tion, the phenomena of which were separated from those

caused by reflection from the back of the plate, and shown
to arise from imperfections in the optical image, and not
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from chemical action within the film. In 1886 Mr.

Eanyard made a series of comparatively roiigh experiments,

the results of which appeared to show that the intensity of

photographic action varies directly as the brightness of the

object photographed, and directly as the time of exposure.

In 1878 Jlr. Kanyard went, at his own expense, to

Colorado, to observe the total eclipse of July 20th, taking

with him a large camera of thirteen inches aperture and

six feet two inches focal length, with the view of taking

photographs of the corona on a larger scale than any
hitherto obtained. He joined Prof. Young's party at

Cherry Creek, near Denver, and was successful in observing

the eclipse, though, owing to an accident during the

exposures, he only obtained two photographs of the corona,

and these of too short an exposure to show any corona

beyond six or seven minutes from the limb. He
also made spectroscopic and polariscopic observations.

The account of the expedition is given in Vol. XLVI. of

the Mtmoirs of the Eoyal Astronomical Society. In 1882

he went to Sohag, m Upper Egypt, and observed and
photographed the total solar eclipse of May 17th, but his

observations were never published.

In 1888 his friend Mr. R. A. Proctor died, leaving his

great work, " Old and New Astronomy," still incomplete.

This work Mr. Eanyard undertook to finish. He revised,

completed, and published the chapters on the planets, and,

as Mr. Proctor had written nothing of the section treating

of the universe of stars, the distribution of the nebulfe,

and the construction of the Milky Way, the chapters on

these subjects are from Mr. Eanyard 's pen alone. They
are undoubtedly some of the most original and valuable in

the book, which was finally issued in its complete form in

1892. It was characteristic of his unselfish and generous

spirit that he should thus devote years of hard work to

sustain the reputation of his friend, and with no thought

of reward for himself. But he always rejoiced in another's

success, and felt the labour to be no sacrifice.

Mr. Eanyard succeeded Mr. Proctor as Editor of

Knowledge, and our readers know with how much zeal

and ability this joui-nal has been conducted by him. He
performed a great service in reproducing the long series of

celestial photographs which have appeared in our pages,

thus placing within the reach of all some of the results of

the achievements of Dr. Eoberts, Prof. Barnard, Mr.
Russell, and many others. His own original contributions

upon the constitution of the heavens—the Milky Way,
nebulae, star clusters, the moon, &c.—have been of great

value, while his acute but always kindly criticisms upon
the contributions of others have been a welcome feature.

To his papers in this journal he devoted his most earnest

thought, and in many of them may be found the expression

of his mature views upon the intricate and perplexing

problems with which he dealt. We may particularly

specify his series of articles entitled " What is a Nebula ?"

and " What is a Star Cluster '?
"—profusely illustrated by

reproductions of photographs. He himself considered as

his most important contribution to these questions his

investigations on the density of nebulse, and the conclusion

at which he arrived, that the density of the Orion Nebula
cannot exceed the ten thousand millionth of the density of

atmospheric air at the sea level. He recognized a close

analogy between irregular nebulffi and star clusters, and
was strongly convinced that in both these structures the

matter is ejected from the centre, mostly into a resisting

medium, and is not condensing towards the centre, as

assumed by Laplace's theory. Mr. Ranyard's work on
Knowledge went on almost to the last, and probably his

latest scientific writing was a note to Mr. Gore's letter in

our November number.

In his work on solar physics, which had always appealed
strongly to him, he was especially assiduous in his study
of the details of the corona, and was firmly convinced that

their forms bore witness to matter ejected from the sun
into a resisting medium, though not, of course, into an
atmosphere in any sense comparable with our own. He
carried the experience derived from his solar studies into

his work on stars and nebulae, and was always quick to

perceive coronal analogies in the details of their structure.

He was very desirous to enter upon the new fields of

research opened by Hale and Deslandres, and had a

spectro-heliograph constructed, which he lent to Prof. Hale
for his expedition to Mount Etna, as the state of his own
health did not permit him to accompany his friend, as he
had intended.

Mr. Eanyard was an excellent linguist, and through the

whole of his scientific life maintained intimate relations

with most of the leading astronomers in Europe and
America. In his earlier life he was the friend of Argelander,

Donati, Secchi, and Young, and afterwards of Barnard,
Hale, Max Wolf, and many others.

In politics Mr. Eanyard was an ardent Individualist, and
was a warm supporter of the efforts made by the Hon.
Auberon Herbert and others in favour of greatly restricting

the sphere of Government interference with private activity.

Though taking but little interest in party politics, his

intense conviction of the evil of socialistic legislation led

him naturally to conservatism. He was much impressed
with the evil results arising from the growing tendency of

men of education and culture to keep aloof from municipal
affairs, and to neglect the performance of civic duties.

His keen interest in all social questions led him, in 1892,

to become a candidate for the London Coimty Coimcil.

He was returned at the head of the poll for the Holborn
division, in which he and his colleague, Mr. Eemnant,
represented the Moderate interest. At the Council, Mr.
Ranyard's legal knowledge, as well as his earnestness and
high character, made him an influential member, and his

zeal led him to greatly overtax his strength. In the year

ending March, 1893, he had attended every meeting of the

Council, and almost every meeting of the various com-
mittees and sub-committees of which he was a member.
He was especially interested in the Parliamentary and
Building Acts Committees, and in the latter he did his

most important work in fighting for the new (London)
Building Act, which passed the Houses of Parliament last

summer. In support of this Bill he appeared and gave
evidence before a Select Committee of the House of

Commons.
As far back as last June he was not in his usual health,

and began to experience a loss of weight and strength. As
months went by, the symptoms became more pronounced :

he became steadily weaker, and found increasing difdculty

in digestion. Change of air was tried without effect, and
the symptoms increased in severity till, in October, the

presence of some serious internal disorder was suspected.

Medical opinions were, however, not unanimous, and it

was not till latterly that the complaint was definitely

pronoimced to be an internal cancer. He died after much
suffering on December 14th, at the comparatively early

age of forty-nine.

He was always outspoken and fearless in the expression

of his opinions, but those most opposed to him were most
ready to admit the high sense of duty and absolute

conscientiousness by which he was guided. Entirely

without self-seeking, always courteous, and ever ready with

advice and assistance, he maintained most cordial relations

with his coadjutors and correspondents, and his death

leaves a gap in the ranks of English amateur astronomers
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which will not be soon filled up. But it is not only by his

coUeagiies, and in the scientific world that his loss will be
keenly felt. His kindly disposition, his many acts of

unostentatious benevolence, and his readiness to take

trouble for the good of others, endeared him to a wider

circle, which, but for his habits of assiduous labour, would
have been wider still.

THE SMALLEST FLYING SQUIRREL.
By E. Lydekker, B.A.Cantab., F.R.S.

IT
is a somewhat remarkable fact in natural history

that while all the true flying mammals, that is to say

bats, belong to a single ordinal group, and, for all

we know to the contrary, may have been derived

from one original ancestral stock, this is very far

from being the case with those creatures coming under the

popular designation of flying squirrels. As we have had
occasion to point out in a previous article published in this

journal, bats have their fore-legs and fingers specially

modified for the support of their peculiar leathery wings,

and are able to fly in the same manner as birds ; whereas
all the flying squirrels have no such modification of the

skeleton, and are merely enabled to take long flying leaps

from tree to tree by a parachute -like expansion of the skin

of the sides of the body, which is supported between the

fore and hind limbs of each side, and in some cases extends

1 etween the latter to embrace the root of the tail.

In popular natural history the term " flying squirrel " is

taken to include certain mammals endowed with this kind

of spurious flight inhabiting North America, Asia, Africa,

and Australia. So like, indeed, in general external appear-

ance are all these creatures, that it is not surprising to find

them all confounded under one general title. When,
however, they are examined with the critical eye of an
anatomist, they are foimd to arrange themselves in three

main groups, two of which are much more nearly allied to

one another than is the third to either of them.* This
third group, which is confined to Australia and some of

the neighbouring islands, has really no right to the name
of flying squirrels at all, seeing that it belongs to the order

of pouched or marsupial mammals, and has teeth of a

totally difl'erent type to those characterizing all the rodent

order, of which the flying squirrels properly so called are

members. Accordingly, since these Australian creatures

are allied to the ordinary phalangers of the same region,

they are more properly spoken of as flying phalangers ; and
by this name we shall allude to them in the course of the

present article.

Since these flying phalangers belong to the marsupial
order, while the flying squirrels are rodents, it will of

com'se be perfectly evident that they have no sort of

genetic connection with one another, and hence that

their flying membranes have been developed quite

independently. If this were all it would be a very
remarkable instance of that " parallelism in development

"

to which we have alluded in previous articles, f seeing how
strikingly similar in external appearance are the members
of the two groups. The marvel does not, however, by any
means rest here ; since it has been shown fairly conclusively

that the three genera into which the flying phalangers are

divided by zoologists have been evolved independently of

one another from as many non-volant forms. For instance,

the great flying phalanger /'PetaMroiftes^,measuring upwards

* We purposely omit mention of the ilying lemur (Galeopithuus),
which may perhaps also at times be called a Hying squirrel.

t Republished in " Life and Rock," by the present writer.

of twenty inches to the root of the tail, is so closely allied

to the climbing, crescent-toothed phalanger [PseiulocJiims)

that there can be no reasonable doubt of its having originated
from that genus. On the other hand, the smaller squirrel

flying phalanger and its allies of the genus Petaurm are
equally closely related to another non-volant genus known
as Gymnobelideus. Finally, the tiny little creature known as
the pigmy flying phalanger (Acrolmtes), which is not so

large as a good-sized mouse, resembles the little pen-tailed

phalanger (Dintwcurus') of New Guinea in having the hairs

of the tail arranged in rows on the two sides after the
manner of the vanes on a feather ; and it may accordingly

be inferred that the flying type has been evolved from the
one which can only climb.

We have here, therefore, not only the parallelism of the

parachute of the flying phalangers to that of the flyutg

squirrels, but likewise three independent instances of

parallelism in development among the flying phalangers
themselves. We must further call the reader's especial

attention to the great difference in bodily size between the

great and the pigmy flying phalanger, since this difference

is precisely paralleled among the African flying squirrels.

Leaving the phalangers, we pass on to the flying squirrels

preparatory to the consideration of the species forming the

special subject of the present article. As we have said, all

the flying squirrels in the zoological (but not in the popular

sense of the term) belong to the rodent order, the distinctive

characteristics of which have been pointed out in an article

recently published in this journal, under the title of " The
Home of the Rodents." It must not, however, be supposed

that all flying squirrels belong to a single genus, or even

to a single family. As a matter of fact, they may be

assigned to two distinct famihes. What we may call the

northern or typical flying squirrels range over a part of

Europe, Asia, and North America, and belong to the great

family of Sciwidce, which likewise includes ordinary

squirrels as well as marmots, chipmunks, or ground-squirrels,

prairie-marmots, etc. In all these forms the parachute is

supported by a rod of cartilage projecting like a yard-arm
from the outer side of the wrist, and there is another

expansion of skin connecting the fore limbs with the neck,

while there may be a third between the hind-legs and the

root of the tail. The whole of these flying squirrels are

characterized by the complex structure of their molar teeth

;

and as their skulls differ considerably from those of other

members of the family, they must be regarded as consti-

tuting a sub-family group by themselves. Flying squirrels

of this group, as we learn from paleontology, have existed

since a comparatively early epoch in the Tertiary period,

and we are consequently unable to affiliate them with any

of the genera of ordinary squirrels ; it is, indeed, quite

likely that they have originated from a totally extinct

genus or genera. Hence, it is impossible to say whether

the three genera into which they are divided have all

taken origin from one non-volant form, or whether, as in

the case of the flying phalangers, the power of flight has

been separately evolved in each of the three generic

groups.

Of the three genera in question, the one known as

SciuroiJti'nis includes the lesser flying squirrels, all of

which have the crowns of their molar teeth comparatively

low, and the parachute of moderate width, and not inclu-

ding any portion of the tail. Having one representative

in North America, and a second in north-eastern Europe

and Siberia, the lesser flying squu-rels are mainly charac-

teristic of India and the Malayan coimtries. While some
of the larger kinds measure as much as twelve inches

from the nose to the root of the tail, in the pigmy flying

squirrel of Cochin China and Arakan the length of the
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head and body scarcely exceeds five inches. These squirrels

collect iu numbers in hollow trees, where they remain in

slumber during the daytime, to issue forth at night for the
purpose of feeding. Climbing to a coign of vantage on
some tree, they take their flying leaps to the bough or
trunk of another at a lower level, not unfrequently covering
a distance of some thirty or forty yards. The length of
the leap is, however, still greater among the members
of the next genus, reaching from sixty to nearly eighty
yards.

The larger flying squirrels (Pteromys) form an exclusively
Asiatic gi'oup, represented by some ten species, and extend-
ing from the Malayan region as far north as eastern Tibet.

In addition to their superior dimensions, these flying

squiiTels are distinguished from the preceding group by the
greater width of the parachute along the sides of the body,
and the enclosure of the base of the tail in the portion
connecting the two hind-legs. The tail itself is, moreover,
completely cylindrical, instead of slightly compressed ; and
the molar teeth have rather taller and more complex
crowns than in the lesser flying squirrels. In some of the
larger species the head and body may measure as much as
eighteen inches in length, while the tail may reach to

twenty-four or twenty-five inches.

The last member of the family is the woolly flying

squirrel f Kiqii'tatinis i—a magnificent species from the
neighbourhood of Gilgit, distinguished by the very tall

molar teeth, which have flat instead of ridged masticating
surfaces. It may be mentioned that the first skin of this

species brought to England was the property of the present
writer, who did not recognize its scientific interest until

the arrival of a living example. From having been
used as a perambulator-rug, it now occupies a position
in the British Museum as one of the type specimens of the
species.

Although, as already mentioned, we are unable to trace

the three genera of typical flying squirrels to as many
ancestral non-volant forms, yet it will be seen that these
occupy a position in the family Sciurula precisely similar
to that held by the flying phalaugers in the Phidamjeiidir.

Whereas, however, we have a flying phalanger of dimensions
not exceeding a mouse, no member of the typical flying

squirrels has such extremely diminutive proportions.
In spite of the circumstance that ordinary climbing

squirrels are met with abundantly in Africa, it is remarkable
that the typical flying squirrels are replaced by a group so
different from the latter that they are regarded by zoologists
as constituting a family by themselves—the Anomaluridm.
With the exception of the flying lemurs, these are the only
mammals provided with a parachute which constitute a
family by themselves ; and, so far as we are aware, no
suggestions have hitherto been ofi'ered as to the family of
rodents fi-om which they have originated. These African
flying squirrels, as they may be collectively called, differ

in several important structural features from their Asiatic
allies. In the first place, as is well shown in the accom-
panying illustration, the parachute is supported iu front by
a rod of cartilage projecting from the elbow, instead of
from the wrist ; and an additional peculiarity is to be found
in the presence of a row of overlapping horny scales on
the under surface of the root of the tail, which are believed
to be of assistance in climbing, and give the name to the
family. Certain structural peculiarities connected with the
skull need not be mentioned here.

Hitherto the family has been known only by the short-
tailed Afi-ican flying squirrels constituting the genus
Anamalurus : most of the species inhabiting West Africa,
although one is found in Equatoria, and a second on the
east coast near Zanzibar. The smallest is the equatorial

species {A. pusillus), the so-called pigmy flying squirrel, ia

which the length of the head and body is eleven inches,

and that of the tail just over five inches.

It is but a few years ago that the last-named species

was first brought to the notice of science, and with its

description most zoologists probably thought that we had
exhausted all the interesting representatives of the family,

and that nearly the last word had been said about African
flying squirrels.

Quite recently there has, however, been discovered in

the Cameroons district of Western Africa an entirely new
and most interesting representative of the family, con-
stituting a distinct genus (7(/('«;-i(s), and being by far the
smallest of all the known flying squirrels. Of this little

creature, which may be known by the name of the long-
tailed flying squirrel, we are enabled, by the courtesy of its

describer (l3r. Matschie, of the Zoological Museum, Berlin)
to give a lifelike figure—the first ever published in this

country. This little animal is not larger than a small
house-mouse, the length of the head and body being only
just over two and a half inches, and that of the tail four

inches. Agreeing with the ordinary African flying squirrels

in the general form and mode of support of the parachute,
as well as in the presence of rows of scales on the under
surface of the tail, the new species is at once distinguished
by the short knob-like nose, and the thinly-haired tail,

terminating in a pencil of hairs, and being nearly double
the length of the head and body, instead of considerably
shorter. In place of being uniformly and thickly covered
with fur, the tail is short-haired on its upper surface, with
three longitudinal rows of elongated sparse hairs, while
beneath it is naked, with three rows of scales near the
base. An important difference is also to be found in the
structure of the fore-foot, in which the thumb is reduced
to a mere knob-like rudiment, while in the hind-foot the
first toe is much smaller than the other four, which are of

approximately equal length. There are likewise structural

differences in the skull, into the consideration of which it

will be imnecessary to enter on this occasion.

In colour, the fur of the back and upper surface of the
parachute is pale whitish-brown, the hairs being blackish-

grey at the base ; while on the under surface the general

hue is a mixture of yellowish and dark grey, with a tinge

of silver-grey on the parachute.

At present known only by the single example represented
in our illustration, the long-tailed flying squirrel has
precisely the same relation in point of size to the largest

members of the family as is presented by the pigmy flying

phalanger to the great flying phalangers of Australia, and
thereby shows us another curious instance of parallelism

in development. Of course, nothing is known as to the
habits of the new African animal, and comparatively little

of those of the pigmy flying phalanger. The latter

creature is, however, stated to be very active in leaping

from bough to bough of the trees it frequents ; and it

may be presumed that, iu the case of both animals, the
flying leaps merely extend from one bough to another,

and do not enable the creatures to pass from tree to

tree after the manner of the larger flying phalangers and
squirrels.

As it is only quite recently that anything has been
recorded regarding the habits of the larger members of the
family, we may conclude with an extract from a note
published by Mr. W. H. Adams in the L'riictrdings of

the Z()ohi(jical Saciety, concerning Pel's flying squirrel

( Annmalnrus jieli ) from West Africa. The writer there

states that these squirrels " come out of their holes in the

trees some hours after sunset, returning long before day-

break. They are only to be seen on bright moonlight
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nights, and, iii fact, the natives say they do not come out
at all in stormy weather or on very dark nights. They
live on berries and fruits, being specially fond of the palm
oil-nut, which they take to their nests to peel and eat.

They pass from tree to tree with great rapidity, usually

choosing to jump from a higher branch to a lower one,

and then climbing up the tree to make a fresh start.

The temperature on the hills varies considerably. During
the time I was there—the rainy season, from the middle of

April to the middle of .June—it was never very hot, one
night the thermometer going down to 44^ on the ground.

Of course, in the dry season it is much hotter, but the

natives say these animals are much more plentiful in the

rains, and that the rainier the season the more they see.

They litter twice a year, once about September, the young
remaining in the nest for about nine weeks, durmg which
they are fed by the old ones on such food as shoots and
kernels; they do not attempt to jump till the end of that

period, extending the length of their jumps with their

growth. I do not know the other time of breeding, or

whether they have a regular season. The hunters told me
that two or three were usually born at one birth, and never

more than four."

Within the last few years an extraordinary number of

new mammals have been discovered in Africa, some of the

best known and most generally interesting being several

large antelopes from Somaliland. To the naturalist,

however, a tiny little creature like the one under con-

sideration, which represents a totally new type, is of far

more interest than any antelope, whether the latter indicate

a new genus or merely a new species. In Eastern Africa

German and English zoologists and collectors are rivalling

one another in the zeal with which new or rare forms are

brought to light, but on the West Coast our German cousins

seem to be having it all their own way. Although we
should be the last to envy them the discovery of this latest

addition to the mammalian fauna of West Africa, we cannot
help expressing a hope that our own countrymen will not
allow themselves to be outstripped in the race of discovery

and collecting.

AUTOMATIC STABILITY IN AERIAL VESSELS.

By Thomas Moy.

THE importance of securing longitudinal stability

—

which means travelling on an even keel—does not

readily suggest itself to those who have not studied

this problem. To render the subject familiar:

suppose a wagonette full of people to be travelling

on an ordinary road, and the hind wheels to suddenly

collapse, the passengers would slide downwards to the

hinder part, one upon another. The same result would
accrue if the vehicle came to a soft place in the road.

Or suppose a river steamer suddenly went down by the

head, and the stern rose up out of the water. In each

case longitudinal stability would be lost. Fortunately,

these are very imlikely occurrences on land and water ; but

in the air, and especially with elongated gas bags or

aerostats, such uncomfortable " tiltings " frequently happen.

It therefore becomes very important that the man at the

helm of an aerial vessel should he entirely relieved of

anxiety as to its horizontal position, and be enabled to

concentrate his attention upon the course to be steered,

with as much confidence as if he steered an ordinary river

steamer.

Turning a carriage to the right or left upon an ordinary

road, or steering a vessel to starboard or port on water, is

such a very simple operation, that one is apt to overlook the

fact that, in submarine and aerial navigation, the main
support is wanting ; the road or the water level is not there,

and their absence must be provided for. It is an absolute
necessity that such vessels should be capable of automati-
cally assuming and maintaining the predetermined position,

whether perfectly horizontal or slightly inclined. This
cannot be carried out by hand. No steersman in charge
of the tiller of a horizontal rudder or tail could keep a

vessel in the desired position. High speed is most essen-

tial to the accomplishment of mechanical flight, and no
regular high speed can be secured if the vessel and its

carefully arranged planes are continually varying their

angle relatively to the course to be travelled.

Recognizing the importancs of these facts, I invented

and patented plans for securing automatic horizontal

stability, in the year 1891, the patent being No. 14,742 of

that year. Two methods of carrying out the invention are

shown in the specifioition, and I now propose to describe

and explain the simpler of the two methods.
A great many patents have been filed in which the

ordinary pendulum has been described, a? applied to this

purpose. Bat it will readily be understood that, with a

vessel going at a high speed, the po-;vor of the mere
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hanging pendulum is very weak, and it would require a

very great departure of the vessel from its true course to

bring the power of the pendulum to bear upon the hori-

zontal rudder. This difficulty I overcame—first, by
using an inverteil pendulum, with limited motion ; and
secondly, by using the position of the pendulum in

applying an independejit force to the correction of any
departure from the desired position of the vessel, relatively

to its course.

Referring to Fig. 1, 3 is a transverse horizontal shaft,

projecting outwards on each side of the stern portion of

the vessel, to port and starboard, the outer ends being

fitted with horizontal planes for steering. 4 is the tiller,

the outer end passing through the vertical guide 5, and
entering the slot G in the rack 7, as also shown in Fig. 2.

In the position shown, the tiller and the steering planes or

rudders are supposed to be in a perfectly horizontal position.

8 is a shaft, formed in two parts, jointed at 9, and fitted

with a pinion at 10. The pinion is bored out to receive a

ball, fitted to the end of the arm 13. The shaft 8 is kept

constantly rotating in one direction by any means, such

as clockwork, or by a connection with the necessary

machinery carried on board, or by a treadle worked by

the foot ; very little power being requured to turn the

shaft.

The rack 7 is capable of sliding horizontally in guides,

the arms 20 being extended for that purpose ; and the

pinion 10 and tiller 4 are guided vertically in the guide 5.

The inverted pendulum is pivoted at 12. The arms 13
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and 14 balance eacli other, each having a ball at its outer

end. The bars 15 limit the play of the pendulum to (say)

half an inch in each direction. But even this limited play

of the pendulum may be further reduced by means of

electric contact appliances. 16 is a screw-threaded rod,

fixed to the bars 15, and passing through a slot in the
pendulum rod. 17, 17, are two nuts for regulating two
light springs, 18, which keep the pendulum in a vertical

position only when the vessel is truly horizontal, the
springs immediately giving way when the vessel departs
from it.

Supposing that the vessel is travelling from left to right

on an even keel, and the shaft 8 is turning in the direction

of the bent arrow ; the pinion 10 rotates freely between
the teeth of the rack, and the rack remains stationary.

Now suppose

the head of the

vessel rises

two or three

degrees, the

pendulum im-

mediately falls

^ against the
after bar 1 5

,

raises the
pinion 10, and

thereby drives the rack 7 from left to right. This operation
lowers the tiller 4, and, with it, the steering planes. The
effect of this will be to slightly raise the stern and restore
the vessel to the horizontal position.

In order to stop the vessel gradually, and bring it

gently down to terra firma, you have only to push the
pendulum forward by hand, when the rack 7 will be driven
from right to left by the pinion, the tiller and steering
planes will be inclined upwards, thus bringing the stern
downwards. The increased angle of inclination at once
reduces the vessel's speed, and it approaches the ground
slowly and lands safely.

In case of an accidental stoppage of the rotating shaft 8,
the pendulum may be fixed, and the rack may be operated
by hand, by means of a lever attached to one of the guide
bars 20 ;

or the shaft 8 may be turned by manual power.
The mechanical detaUs may be varied to a very great

extent.

Note.—Since the above communication was forwarded
to Knowledge, I have read Mr. Maxim's letter in the
January number. Mr. Maxim has credited me with a
number of theories which 1 never entertained in my life,

and, therefore, they need no reply. My illustration of a
boat with a rope attached to a fixed object, or to a floating
anchor, has been conjured by Mr. Maxim, by a process
best known to himself, into a somethinn ^hich he multiplies
by 13-1 ! Then Mr. Maxim (after misquoting what I said
about Henson's machine) says :

" I know nothing about
Henson's machine except what I have heard." Henson's
patent is dated 29th September, 1842, No. 9478. and is

well worth studying. It anticipates all the essential
features of Maxim's machine.
My article is unanswered and unanswerable as to the

loss by slip, and the entire neglect of this mode of
propulsion by millions of aeronauts, from the tiny house-
fly to the Australian crane, all witness to the correctness
of my article, and I have one more witness in Mr. Maxim
himself. In his paper read at the Society of Arts meeting
on the 28th November, 1894, he says (page 35 of the
report) :

" The slip, while running at forty miles an hour,
is almost exactly eighteen miles an hour." So he owns to
forty-five per cent, loss by slip. — T. M,

THE HESSIAN FLY.

By E. A. BuTLEB, B.A., B.Sc.

ABOUT eight years ago, some excitement and con-

sternation were produced by the announcement
that the destructive "Hessian tly " had been

discovered in England. When, therefore, this

discovery was made, it seemed as though we
might look for a most noxious and troublesome, and
possibly permanent, addition to that part of the insect

fauna of the British Islands by which so much of the

agriculturist's toil is neutralized. But whatever fears might
have been entertained on this score, they have not yet been
realized to any serious extent, and although it is quite true

that the Hessian fly is to be regarded as fairly included in

the British fauna, yet we do not seem to be at present

much the worse for the fact. The area of the distribution

of this pest is a wide one, for it has been met with through-

out the greater part of the eastern districts of both England
and Scotland, especially near the sea-coast. It has occurred

in other parts as well

—

e.g., Mr. F. Enock reports having

found large numbers in barley and wheat fields near

Stroud, in Gloucestershire ; but the eastern counties have
been hitherto its head-quarters. Since its first appearance

in 1886, the damage done by it in Great Britain has been
estimated at a loss of from one to twelve bushels of grain

per acre.

The Hessian fly may be taken as another and most
striking illustration of the principle we have alluded to on
other occasions, that the worst pests, so far from being

conspicuous and easily recognizable species, are usually

obscure and often very minute. The Hessian fly is, in

fact, an insect of such insignificant appearance that none
but a trained entomologist would be likely to suspect, on
seeing it, that it was capable of becoming a serious plague.

It is merely a minute two-winged fly, belonging to the

family of gall-gnats, some species of which we described

in our articles on " Galls and their Occupants." It is a

fragile insect, not more than one-sixth of an inch in length

of body, and its fully-expanded wings stretch only about

twice that distance. It is difficult to realize that a

creature so minute and so delicate cau possibly be the

author of any serious amount of damage. And yet, that

it is one of the most formidable foes the growers of cereal

crops have to encounter is, unfortunately, only too true.

The scene of its greatest destructiveness has hitherto

been America, it having spread from west to east and
from north to south over the greater part of the United
States.

The family to which the Hessian fly belongs is called

Cecidoniyida, and its own name, Cecidomyia destructor, very

significantly proclaims its evil reputation. Id is destruc-

tive to both wheat and barley, but does not seem to attack

oats. The damage done is of an indirect nature ; the

larva absorbs the juices of the plant from a point near the

base of the stem, just above a joint. In consequence of

this cutting off of supplies from the upper part of the plant,

the stalk becomes weak, and when the ear is developed,

also in a dwarfed condition, the weakened stem can no
longer support the weight of the ear, and bends over at a

spot just above the joint where the insect is situated. The
ear is thus laid prostrate, just as if it had been blown over

by the wind, and as it lies on the ground, it not only

becomes spoilt with damp and dirt, but also falls an easy

prey to field-mice.

There can be little doubt that this insect was in the

country at least some few years before it was discovered,

though very dift'erent views are held as to the exact date
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FicJ. 1.—Hessian Fly (Cecidomi/ia des
inictor). (After Ormerod.)

of its first arrival. The Hessian fly is so called because of

a tradition I that it was introduced into America by the

troops from Hesse, who were sent over to assist the British

forces in the year 1776, in the war of American indepen-

dence. The idea was that the insects were unconsciously

brought over, in their immature condition, amongst the

straw used by the troops. The Hessian troops conducted

operations in Long Island, and it was in this spot,

and immediately after this time, that the fly is said

to have appeared in great numbers. However this may
be, it did not attract general notice in Europe till long

after that date, for, according to Mr. Inchbald, its first

record for the Continent is its occurrence in Minorca
in 1834.

The fly (Fig. 1) is gnat-hke in shape, with blackish head
and thorax, and pinkish abdomen, variegated with black

spots. The wings,

a single pair, are

dark, except at the

base, where they are

pink, and clothed

throughout with
black hairs. Behind
them are a pair of

minute pink
knobbed stalks,
representing the
usual "balancers"
of a dipterous insect.

The antennse are

composed of seven-
teen joints, and like those of gnats in general, are beset
with circlets of hairs. The legs, which are comparatively
long and thin, are pale, with black hairs. The wing has
very few nervures, a short one near the front edge, then one
running longitudinally right across the wing, and, lastly,

one nearer tlae inner margm, forked at the tip. The female
insect is about one-third larger than the male, and also
darker in colour. It is a retu-ing insect, and as becomes
so destructive a creature, does not court observation, but
likes to retreat into the privacy and shelter of leaves or
holes in the ground, resting on the soil, where its dark
colour prevents it from being easily seen. The males are
more open in habits. The flies may be found twice in the
year, in spring and autumn ; the spring specimens being
hybernated ones of the year before, and the autumn brood
the progeny of these, which have passed through their
mitial stages during the summer months.

As soon as the female fly has mated, she at once com-
mences the work of laying her eggs. According to Mr. F.
Enock, who has carefully worked out the hfe-history of this
pest, as recorded in the Transactions of the Entomolof/ical
SociHy, there will be from one hundred to one hundred and
fifty of these, and as they have to be distributed over parti-
cular leaves of suitably selected plants, the business of
getting them all properly placed is a somewhat exhausting
one, and not unfrequently ends in damage to the mother,
to the extent even of the loss of some of her lees. Most of
the eggs are laid on the youngest, i.e., the la'st developed
leaves of young plants, and on the inner side of the leaf,

in the grooves between the veins, a small number being
placed on each leaf, and these not all in one spot, but in
small clusters or sometimes singly. They are usually laid,
moreover, in such a position that the larva's head, as soon
as it hatches, will point towards the base of the leaf, the
object of the arrangement being apparently to give the
young larva the least amount of exertion in reaching its

final resting-place on the stem at the base of the leaf.
°
Of

course the eggs are exceedingly minute. They are of a

yellowish or reddish colour at first, but become darker as
the contained larva matures.
The larva (Fig. 2, a) is a footless maggot, with fourteen

segments to its body, pale and transparent at first, but
afterwards becoming of a chestnut-brown colour, and
finally attaining a length of about the eighth of an inch.
When hatched, it has a toilsome journey before it ; it

must travel, by the workmgs of its muscles, over a distance
of some two or three inches down the leaf, from the spot
where its mother placed it, till it gets between the
ensheathing part n

of the leaf and
the stem it

clasps. Some
four hours wiU
be consumed in

this arduous
journey, and at

the end of this

time it turns

round so that

its mouth faces

the stem instead

of the leaf, as

has hitherto
been the case,

Fig. 2. —a. Feeding lavTa of Hessian Flv
(magnified 8 diameters) ; B. Head of

ditto, with anclior process (magnified 36
diameters); c Pupa of Hessian Fly (mag-

nified 8 diameters) . (After Enock.)

but it still remains with its head downwards. As soon

as it reaches this position, concealed between the leaf

and the stem, its journeys are over ; it has arrived at the

spot where it is to spend the rest of its life till it becomes

a perfect fly. It therefore at once sets to work feeding
;

attaching its mouth to the stem, it sucks out the juices of

the plant, and this it continues to do till its feeding life is

over. The consequences of the attack are, after a time,

recognizable Ln the bent and trailing stem, which falls

over just above the position of the larva (Fig. 3).

Now comes the strangest part of the story. The creature,

it will be remembered, is a dipterous insect, and the

maggot-like larvee of a large proportion of this order do

not cast the last larval skin, but become a pupa irithin the

old skin, which hardens and darkens into a neat barrel-

shaped form. This barrel-like body obviously is not the

true equivalent of the chrysalis of an ordinary insect ; the

genuine chrysalis is to be sought for inside, and the old

larval skin serves the pui-pose of a cocoon, protecting the

enclosed soft-bodied insect from whatever agencies might

be disastrous to it. A pupa thus enclosed is said to be

coarctate, and the whole object, skin and all, is often called

a puparium, to distinguish it from a true pupa. Thus,

what seems to be simply a chrysalis is in reality that and

something more. Now, in the case of the Hessian fly, a

further compHcation is introduced. When the larva has

reached its full size, it ceases feeding, and its skin hardens

and darkens, and separates from the enclosed being as

usual ; thus far there is nothing remarkable. The enclosed

insect in this case, however, is not a pupa, but still a larva

—a fasting larva, it is true, but nevertheless a larva in

form, and destined to undergo further changes before the

pupa stage is reached. It should, therefore, be called, as

Prof. Riley has suggested, not a coarctate pupa, but rather

a coarctate larva ; the puparium is not the last skin of the

larva, but the last but one. The outer skin is now of a

dark chestnut-brown, and this stage is often spoken of as

the " flax-seed " stage, from the resemblance of the

coarctate creature in shape and colour to a flax-seed. In

this same condition, so far as external appearance is

concerned, the insect will remain for at least five or six

weeks, and if it belong to the autumn brood, the condition

will be prolonged throughout the winter.
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But meanwhile considerable changes are taking place

in the interior of the " flax-seed," and to understand these

we must just consider for a moment the position of the

larva, and the difficulties that lie in the way of its

emergence into the open air, when it shall have reached its

perfect condition. In the first place, it will be remembered
that the larva is jammed in between the stem and the

sheath at the base of the leaf ; further, it is placed with

its head downwards ; and yet again, its back is turned

outward, while its ventral surface faces the stem. Each
of these an-angements, admirable enough for the creature's

needs while it was a feeding larva, is the exact opposite of

what would be necessary to secure for the perfect fly an
easy exit. It would need to be nearer the open, with its

head upwards and facing outwards, if it were to be at all

suitably placed for easily making its way into the open

air ; for any advance from its present position would

only take it further from the light, even if it had the

ability, which it has not, of piercing the hard wall of

the stem. A complete revolution has, therefore, to take

place, and the way in which this is done is one of the

most marvellous features in the life-history of this curious

insect.

If the "flax-seed" be opened, the larva within is seen to

have a curious little appendage near the mouth on the

under side, shaped like a rod forked at one end (Fig. 2, b),

and capable of being moved about at the plain end as upon
a pivot. This curious object has been called the " anchor

process," or "breast-bone," and its use

was for a long time problematical. To
Mr. F. Enock belongs the credit of dis-

covering the use to which it is put, and a

very strange use it is. We have seen

that the larva needs to completely reverse

its position if it is to stand any chance
of escaping from its imprisonment, and
it uses the "anchor process" in order to

do it. By pressing the forked end of

this, time after time, against the wall
of the so-called puparium, or larva-

case, and using it as a lever or prop,

the creatm-e is able, by suitable muscular
effort, to work itself gradually round inside

the narrow case, bending itself double at

the bottom of it, and finally turning a
complete somersault, so that its head is

at the top of the case and faces outwards.
Its position is thus greatly improved,
though, of course, it is stiU enclosed
within the " flax-seed," which has
remained as it was, while its inmate has
turned upside down, or rather, right side

up ; it is, moreover, still jammed in

between the leaf and the stem (Fig. 3) ; and further, it is

still a larva, and a good deal has yet to be done before it

becomes a Hessian fly.

After a time, the larva, or more correctly the coarctate
larva, as it lies within the hard, dry skin of the
so-called puparium, sheds its skin and appears as a pupa,
still, of course, enclosed within the " flax-seed." This
pupa is shorter than the larva, and soon shows the outline
of legs, wings, head, eyes, &c., in its upper part (Fig. 2, c)

;

it has, moreover, a brown projection something like a
parrot's beak near the position previously occupied by the
'•anchor process." The pupa is at first white, but
gradually darkens in colour tDl it is mature. The insect
does not remain more than about twelve days in this

state. At the end of that time, it bursts through at the
upper end of the "flax-seed," and works its way up

Fig. 3-Tertical

section through
bent barley stem,
showing ' flax-

seed" in position

(magnified .5 dia-

meters). (After
Enoct.)

between the leaf and stalk, leaving its old shell in the

position it has always occupied. It is still a pupa, and
another moult has yet to take place before its course is

ended. But this final change cannot be made in the

narrow quarters between the leaf-sheath and the stem, or

the delicate little fly would be imprisoned and unable to

escape. The chrysalis itself, therefore, must work its way
through the leaf, and it uses its beak to do this. By
means of the hard point it cuts a slit in the leaf, just

large enough to admit of its pushing through its fore

part, which therefore projects into the outer air. The
pupa skin now splits along the back near the head, and
the fly gradually works its way out of the opening, the

hinder part of the pupa-case being meanwhile tightly

nipped by the leaf, and held in position so as to give pur-

chase to the struggling fly.

From the above description it will be seen that the fly,

as it struggles out of its case, has its face turned towards
the open air, and its back towards the stem, where alone

support can be found for a weak and struggling insect
;

and the question naturally arises, how does it manage to

complete its extrication without falling over ? for, through
the softness of its wings, it is not prepared to take flight

immediately on becoming free from the pupa-case. Mr.
Enock has shown how this difficulty is met. In a specimen
that he watched extricating itself, he points out how it

first released the head, thorax, antenns, and part of the

abdomen ; then followed one wing, then portions of the

legs, then the other wing, and then the first pair of legs

became quite free. Now it was projecting considerably

from the pupa-case, with only the last two pairs of legs

still left in their investing skin to hold it upright, and it

seemed to be on the point of toppling over ; but, continues

Mr. Enock, "just when the second pair of legs were quite

free, it swung them about until one caught hold of the

stem, towards which the fly immediately drew itself until

it had a firm hold, when it quickly withdrew the remaining
pair of legs, becoming quite free and walldng along on the

under-side of the bent straw ; here it hiing attached by
its first and second pairs of legs, with the abdomen per-

pendicular, and the claspers on the tail in the same
position ; the stick-like wings were flapped together over

its back a number of times, and in a quarter of an hour
were fully expanded, and then crossed in position ; the

anal claspers turned up over the back, the tips bent down-
wards, and at 8.30 p.m., or exactly an bom- and a quarter

after the straw was split, the fly made its first flight."

Needless to say, all these observations had to be made with

the assistance of a lens.

The Hessian fly being such a formidable pest, it becomes
a matter of the utmost importance to determine in what
way its ravages may best be checked. In the case of this

creature, as in that of most other insect pests, there can be

little doubt that the most efficacious remedy is that which
Nature herself provides, in the form of parasites, which,

feeding upon the body of the larva, prevent its reaching

the perfect state, and therefore cut oii" all chance of its

being followed by a line of descendants. Several of these

parasites are known. They are all minute kinds of

hymenopterous insects, belonging chiefly to the family

called ChaUiduleB, near allies of the ichneumon flies.

They are chiefly of a shining blackish colour, with a

greenish tinge.

As the result of two years' work, Mr. Enock obtained a

total of four thousand four hundred and fifty-one straws

infested with the Hessian fly, and bred from these seven

hvmdred and fifty-two flies and nine himdred and nine

parasites. As the number of parasites in general corresponds

with the number of larvae destroyed, it will be seen from
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the above instance that nearly sixty per cent, of the larvre

were destroyed by parasites. It is clear, therefore, that to

rid ourselves of the pest the parasites should be encouraged

in every possible way.

GOLD IN THE BRITISH ISLES.

By Ernest A. Smith, Assoc. R.S.M., F.C.S.

THE existence of gold in various parts of our islands

has been a subject of remark from the time of the

invasion of the Romans. That the Britons collected

the precious metal from the tin streams of Cornwall

and Devon appears certain, and although there is

no reliable information of any kind prior to the Roman
occupation, yet by the discovery of gold ornaments at

various times in very ancient graves it is rendered

more and more probable that gold was found at a very

early period in parts of the United Kingdom. The Romans
were incited to the conquest of Britain by the reported

wealth of its inhabitants in gold, tin, and other metals ; and
CsBsar, in his Commentaries, says that one reason of his

invading the Britons was because they assisted the Gauls
with their treasures. On their first landing in Britain,

the Romans found the inhabitants in possession of gold and
gold coin. Tradition informs us that Cymbolene, Prince of

the Trinobantes, worked a gold mine, and he is stated

to have coined gold money instead of rings ; it having been
the usual custom to coin such rings as are found in the

bogs of Ireland. The Welsh Triads celebrate Cas-wallan,

Manawydan, and Llew Llawgyfes, as three chiefs

distinguished by the possession of golden cars. That the

Romans worked the ancient gold mine of Gogofau or

Ogafau, near Llan-Pumpsant, in Carmarthenshire, about

ten miles west of Llandovery, has been clearly proved by
the investigations of the late Sir Warington Smyth.
That it was a Roman station is indicated by the remains
of a bath, pottery, and ornaments found on the spot

;

several gold ornaments and a very beautiful wrought gold

necklace were also found.

Small quantities of gold have been found in Cornwall
from the earliest time, particularly in the tin streams.

Carew ' intimates that the " tinners do also find little

hopps of gold amongst their ore, which they keep in

quills and sell to the goldsmiths, oftentimes with very
little better gain than Glaucus' exchange."

In the "Bailiff of Blackmore," written by one Mr. Beare,
in Queen Elizabeth's time, we have an account of " a
gentleman that, at a wash of tin at Castle Park, by
Lostwithiel, took out of the heap of tin certain glorious

corns (which they call iiu) which he affirmed to be pure
gold, and at the same time showed a gold ring made of

certain gold hopps, which he had gathered among the tin

corns at a wash in a stream works."

He tells us also that Mr. William Glynn, of Glynn, had a

gold seal ring made of gold hopps found in the river Fowey.
The largest nugget of English gold which has been

found, or at all events of which the history is well

authenticated, weighed under three ounces—a lump barely
meriting a loftier rank than that of a " specimen," when
compared with the large nuggets unearthed in Australia

and California. In the reigns of Edward I. and III.

mines were worked at Combmartin, in Devonshire, from
which gold was obtained ; between 300 and 400 miners,
sent for out of Derbyshire, were employed in them, most of

the produce going to assist in the wars against France. In

* Carew's " Survey of Cornwall, with Notes," 1811.

the reign of Henry III. a copper mine which was worked
in Newlands, Cumberland, is said to have contained veins
of gold as well as of silver. Gold has also been found in a
large number of the counties of England and Wales, but not
in quantities sufficient to pay for working. The Patent
Rolls in the Tower record several grants of privilege to

search for gold and silver.

The most important gold region of Britain, however,
lies in North Wales. Who the Cadmus was that first, on
the hills of Merionethshire, exclaimed with Shakespeare's
Timon

" What is here ?

Gold ? yellow, glittering, precious gold ?
"

is uncertain, precedence being claimed for several persons
;

but the first to notice the existence of something like a

complete system of auriferous veins was Mr. Arthur Dean,
who communicated his discovery to the British Association

at York, in 18-14.

In consequence of his statements operations were com-
menced at Cwmhesian, but the result not being satisfactory,

they were finally abandoned.
On the banks of Afon-wen, about a mile above the bridge,

are some ruins of buildings, and below them, close to the

river, the remains of charcoal ashes and bits of bones,

mostly covered with herbage. This place has a very

singular and, in conjunction with the gold discoveries, a

very significant name, which it has maintained from time
immemorial, expressive of gold having been melted or

worked there. This name, Merddyn Coch'r aur, signifies

" the ruins of red gold." The tradition is that the Romans
formerly worked gold there.

The gold district of North Wales appears to be chiefly

confined to an area of about 20 square miles, lying on the

north of the turnpike road leading from Dolgelly to Bar-

mouth, one of the most beautiful districts in Great Britain.

In this region the Cambrian rocks are overlaid by the

Silurian, and the general geological features of the country

resemble those of other auriferous localities, more especially

those of the south-east States of North America, where
almost all the indications of the associated rocks and
minerals are precisely similar. The strata in which the

auriferous lodes occur belong to the junction of the lower

and upper Cambrian strata, where the Lingula flags of the

latter rest upon the uppermost grits and quartzites of the

former group. The Cambrian being one of the oldest rocks

in the British Isles, it is particularly interesting to the

scientific student, and in no place is it better represented

than in the range of mountains in this area.

It is yet possible that with economy and judgment in

mining, and with the employment of the best machinery for

dressing the ores, some of the mineralized quartz veins in

North Vv'ales wDl pay to work for gold. The gold extracted

from the Welsh ores is of a pale yellow colour, owing to

the presence of silver, and is usually about 18 to 22 carats

fine. The centre-piece presented to the Duke and Duchess

of York, on the occasion of their marriage, was made of

18 carat gold and sterling silver obtained from the Welsh
mines. It is one of the largest examples of gold and

silver work produced in modern times, and its weight

exceeds 2i cwt. The wedding ring of the Duchess was

also made from Welsh gold.

Gold has been found in Scotland to some small extent

in strata similar to those just described. It is the general

opinion of archaeologists that the gold ornaments of the

prehistoric ages were made from native metal. The first

historic notice of gold occurring in Scotland is the grant of

David I. to the Abbey of Dunfermline in 1153 of a tithe of

all gold which should accrue to him from Fifeshire.

Gilbert de Moravia is said to have discovered gold in Duri-
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ness.in Sutherlandshire.in 1245, and in more recent times

gold has been found at Helmsdale.

In 1852 there was considerable excitement over the

attempts made to resume the workuig of these long-

abandoned deposits. The gold-digging mania lasted about

a month, and many coal and iron miners threw up their

employment to embark in the alluring lottery of gold-seek-

ing. The origin of the mania was the statement of a convict,

a native of Kinnesswood, who wrote from Australia to the

friends he had in the Kinross-shire village, that he had
often seen gold at home in the lime quarries similar to that

which was being dug in Australia. At this particular time

the public mind was in a condition of great excitement,

produced by the brilliant discoveries in California in 1847,

intensified and revived by the no less splendid results of

gold-digging in Australia in September, 1851.

The records of the Scottish Parliament contain frequent

mention of gold. The mines of Manlockhead, in Niths-

dale, were in full workmg until the defeat at Flodden in

1513, and the death of the king led to the suspension of

operations. In the reigns of James IV. and V. of Scotland,

vast wealth was procured in the Leadhills, in Lanark-

shire, from the gold washed from the mountains ; in the

reign of the latter, gold to the value of £300,000 sterling

is said to have been found. The men of this mining
district have occasionally employed their leisure time in

searching for the precious metal among the alluvial deposits

and mine debris of the district. The able-bodied Leadhills

miner never, however, gives up his usual labour, at which
he earns about fifteen shillings per week, for the more
precarious gains to be derived from gold-findmg. To gold-

seeking he devotes his spare hours, his holiday times, or

his periods of sickness or debiUty, and very frequently his

Sundays.
The gold thus collected is mostly to order for cabinet

specimens, or for jewellery materials. Many of the

wealthiest families in the vicinity have ornaments made of

it, and the Empress Eugenie has a necklet manufactured
from the gold of her grandfather's country.

The method of collecting the gold at Leadhills with the

primitive wooden trough is essentially that employed in

the early history of gold diggings. In many places the

precious metal may be rendered visible after fifteen or

twenty minutes' washing, and frequently small nuggets
have been found weighing from 1 to 4 or 5 dwts., but these

are often either contained in pieces of loose quartz or have
quartz fragments attached to them.

The Albany medal was made in 1524 from gold found
in these mines ; the Scottish Eegalia and the celebrated

bonnet-pieces of the reigns of James IV. and V. were also

made of native metal.

At the marriage banquet of James V. with Mary of

Guise, several cups filled with native gold were presented

to the French envoy and his suite, as specimens of the

wealth of a country at the apparent barrenness of which
they had jeered. From the account books of James V. we
learn that miners were sent to Scotland from Lorraine, in

1539, to work the Crawford mines on behalf of the king.

They were placed under the charge of a goldsmith, John
Mossman, and it appearsthat between 1538 and 1543,41Joz.
of native gold were used in making a crown for the king

and 35 oz. for a crown for the queen, 17 oz. for the king's

great chain, and a belt for the queen weighing 19i oz.

Beyond this there was a large coinage of gold bonnet-pieces

as before stated, and special gold ornaments ; all the metal
having been obtained from Crawford and other moors.

About 1578 Sir Bevis Bulmer, described as " an
ingenious gentleman " who worked the diggings very
vigorously, is said to have found two nuggets of pure

gold, one weighing 6 oz. and the other more than 5 oz.

Bulmer erected a stamping mill and succeeded in getting

much " mealy gold." He worked at several mines in

Scotland, but appears to have been most successful in

Hinderland Moor, in Ettrick Forest, which gave him large

quantities of gold, "the like of it in no other place in

Scotland," and he presented to Queen Elizabeth a porringer

made of native Scottish gold.

It does not appear that the process of obtaining gold

by amalgamating it with quicksilver was in use at this

time, so that only the coarser particles could have been
obtained, while the quartz veins were scarcely touched

at all. Gold must have been found about 1683, as a gold

medal, struck to commemorate the coronation of Charles I.

in Scotland, bears round the edge, ex avro vt in scotia

REPERiTVR. From that time imtil very recently no con-

siderable attempt to find gold has been made in Scotland.

Ireland, now so constantly bewailing its lack of mines,

was better favoured in former days than any other portion

of the United Kingdom. So well was this known that, at

the period when the Norman princes exacted treasure for

the use of their French possessions, England was required

to furnish 23,730 marcs of silver alone, whUe Ireland was
called upon for 400 marcs each of gold and silver—an
enormous quantity in those days. Gold ornaments were

more common in Ireland than in other parts of the British

Islands, and the abundance of gold ornaments and weapons
found in the Emerald Isle clearly show that large quantities

of gold must have been obtained at a very early period of

its history.

The localities in Ireland which have yielded gold in

the largest quantities are Ballinvally, Ballintemple, and
Killahurler, all situated in the same valley. At the

present day small quantities of gold are bought by the

Dublin jewellers from the neighbouring cottagers, who
have obtained it from the refuse of the old Government
works and the beds of the streams. One nugget found at

the Wicklow mines is affirmed to have weighed 22 oz.,

another 18 oz., and others 9 oz. and 7 oz., and so on to

the smallest particles. However, more thau forty years

ago there was exhibited in the rooms of the Koyal Dublin

Society one specimen weighing, with the quartz attached,

40 oz.

There are perhaps few countries of the world in which

gold is more generally distributed than in the British

Isles. It has been found in a large number of districts,

and only a few years ago specks of it were detected in

a quantity of pebbles taken out of a gravel pit on Tooting

Common, in the suburbs of London.

Notice of Boolt.

History of Astronomy during the Nineteenth Century. By
Agnes M. Gierke. Third edition. (A. & C. Black, 1893.)

When the first edition of this now well-known work was
published, a history of astronomy in its modern develop-

ments was greatly needed. The valuable work of Prof.

Grant appeared more than forty years ago, and dealt with

the science of the m3feme)its of the heavenly bodies, whilst

researches into their nature belong entirely to the latter

half of the present century. And this new astronomy,

which has grown up by the side of the old, lends itself, as

the authoress observes, more readily to popular treatment

than the former aspect of the science. How well Miss
Clerke has performed her task, the appearance of a third

edition in less than ten years is a convincing proof. These
editions are not simply reissues ; each shows a distinct

improvement upon its predecessor, besides being thoroughly
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brought up to date. The book has grown in size, and by
" a process of assimilation rather than of mere accretion,"

so well has the new matter been incorporated with the old.

Well arranged, and written in the authoress's agreeable

and lucid style, its wealth of accurate detail neither over-

powers nor confuses, and the volume is as fascinating as it

is instructive.

The period with which the work deals has been a

memorable one in the history of astronomy. Planets and
satellites have been added to the solar system, and, through

the great improvement in all instruments, astronomers

have been able to carry their investigations to a degree of

completeness and accuracy formerly undreamed of. The
invention of the spectroscope has opened an entirely new
field of research, and its far-reaching discoveries are

probably only in their infancy. Photography has come
to our aid, giving us new views as to the character of the

nebulae, and has disclosed vast regions of space, peopled

with countless stars. The science, too, has greatly changed
its aspect. Once the study of the few, it has become of

the deepest interest to the many ; once considered from its

very completeness and perfection to be losing in interest,

it has disclosed infinite possibilities for the future.

To give any detailed account of a work like the present

one is manifestly impossible ; we can only briefly touch

upon one or two points, and for the rest must refer our

readers to the book itself.

The work appropriately opens with a resume of the

progress of our knowledge of the sidereal universe, and an
account of the discoveries of the elder Herschel, commenced
in 1774, and only ending with his life. When he began
" to explore with line and plummet the shining zone of

the Milky Way," he commenced with the convenient

assumptions that stars are equally distributed, and that

apparent brightness is an approximate measure of a star's

distance. The first assumption led to his adoption of the

theory of Thomas Wright, that the Milky Way " is the

projection on the sphere of a stratum or disc of stars (our

sun occupying a position near the centre), similar in

magnitude and distribution to the lucid orbs of the con-

stellations." Herschel was further led to assume that,

since his large telescope resolved numerous nebulse into

stars, all nebulfe would be resolvable with sufiicient optical

means.
He soon saw that the assumption of an equal distribution

of stars must be given up : the detailed examination of

the Milky Way and its numerous associated clusters was
sufficient to disprove it ; and he described our sun and its

companion stars as surrounded by a magnificent collection

of innumerable stars, called the Milky Way—thus aban-

doning the " disc theory " of the universe, which, however,

long held its ground in the literature of the science. He
was also led to admit as probable that nil nebulfe were not

of a stellar nature ; but this question was only finally

answered by the spectroscope.

Bessel adopted tlif amount of proper motion as a better

criterion of the distance of a star than its brightness.

It was impossible to resist the conclusion "that the

apparently swiftest moving stars are on the whole the

nearest to us," and the discovery of the swift move-
ment of the inconspicuous star 61 Cygni showed that the

fainter stars may be much nearer than others of greater

brightness. The parallax of stars, again, showed no relation

between nearness and brightness, Cancpus, Arcturus, and
Rigel being indefinitely remote, and exceeding our sun
perhaps two thousand times in brilliancy, "while many
inconspicuous objects, which prove to be in our relative

vicinity, must be notably his inferiors." It follows, therefore,

that stars are unequally distributed, and of unequal

brightness, and if we consider the spectroscopic evidence
we reach still further conclusions :

—

" Brilliant suns are swayed from their courses by the
attractive power of massive yet faint luminous companions,
and suffer eclipse from obscure interpositions. Besides,
efl'ective lustre is now known to depend no less upon the
qualities of the investing atmosphere than upon the extent
and radiative power of the stellar surface. Red stars must
be far larger in proportion to the light difiused by them
than white or yellow stars. There can be no doubt that

our sun would at least double its brightness were the
absorption sufl'ered by its rays to be reduced to the Sirian

standard ; and, on the other hand, that it would lose half

its present efficiency as a light source, if the atmosphere
partially veiling its splendours were rendered as dense as

that of Aldebaran."
The Milky Way can no longer be regarded as "the mere

visual effect of an enormously extended stratum of stars,

but as an actual aggregation, highly irregular in structure,

made up of stellar clouds and groups and nodosities." But
we cannot pursue this subject further, except to mention
the singular " dark holes and dusky lanes" shown on the

photographs by Barnard, Russell, and others, with which
the Milky Way is tunnelled and furrowed. These dark
spaces, which often appear to be bounded sharply by lines

of stars, present a difficult subject for investigation. It

seems practically certain that they cannot be casual inter-

spaces between irregularly scattered star masses. Such
spaces, with sharply defined edges, do not occur among
points scattered at random on a plane, and it is obviously

far more improbable that they should exist among stars

scattered through space, forming tunnels directed precisely

in the line of sight.

Long ago, as has been stated, Sir W. Herschel was led

to conclude that all nebulae could not be wholly stellar,

and spectroscopic researches, commenced by Huggins in

1863, have abundantly proved the gaseous nature of many
of these objects. Not less important is the evidence of the

intimate connection between nebulas and stars. Dr. and
Mrs. Huggins, in 1888, found in the nebula of Orion

"four groups of fine bright lines, originating in the

continuous light of two of the trapezium stars, but extending

some way into the surrounding nebula." And from
Dr. Roberts's beautiful photographs of spiral nebula, with

stars arranged along the nebulous spirals, we are driven

to the same conclusion of intimate association. Indeed,

as Miss Gierke observes, in speaking of Dr. Common's
magnificent photograph of the nebula in Orion, " photo-

graphy may be said to have definitely assumed the office of

historiographer to the nebulae," and this method will

certainly, in time, set at rest all questions of variability in

form or brightness. Thus, putting aside such vexed

questions as that of the mysterious " chief nebular line,"

some certain results have been arrived at with regard to

the true status of nebula. They can no longer be regarded

as remote worlds of stars, and if we " add the evidence

of the spectroscope to the effect that a large proportion of

these perplexing objects are gaseous, with the intimate

relation obviously subsisting between the mode of their

scattering and the lie of the Milky Way, it becomes

impossible to resist the conclusion that both nebular and

stellar systems are parts of a single scheme."

The interesting chapter on solar theories is well fitted

to serve as a lesson in modesty, so diverse and conflicting

are the various hypotheses, so difficult to harmonize are

the observed facts. But amidst the doubt and confusion,

some conclusions seem tolerably certain. Tnus it seems

probable " First, that the sun is mainly a gaseous body
;

secondly, that its stores of heat are rendered available at
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the surface by means of convection-currents—by the bodily
transport, that is to say, of intensely hot matter upwards,
and of comparatively cool matter downwards

; and thirdly,

that the photosphere is a surface of condensation, forming
the limit set by the cold of space to this circulating
process."

The following chapter, on recent solar eclipses, well
sums up the main results of observations, and gives an
impartial account of the various theories as to the nature
of the corona, none of which seem completely satisfactory.

Briefly to sum up the results, we know that the corona is

not a " solar atmosphere" : it is partly made up of self-

luminous gases—chiefly hydrogen, and the unknown
substance named coronium giving the green ray 1474

;

partly of white hot solid or liquid particles shining with
continuous light. It is practically certain that its form
varies with the ebb and flow of solar acti^•ity, and it is

certain that it is of the extremesfc tenuity, as comets pass
through it without sensible perturbation. " Not even Mr.
Crookes's vacua can give an idea of the rarefaction which
this fact implies. Yet the observed luminous effects may
not Ln reality bear witness contradictory of it. One
solitary molecule in each cubic inch of space might, in
Prof. Young's opinion, produce them; while in the same
volume of ordinary air at the sea-level, the molecules
number (according to Mr. Johnstone Stoney) twenty
thousand trillions !

"

The chapter on solar spectroscopy, into which we cannot
enter in detail, contains a needed caution against the hasty
assumption that a substance does not exist in a sun or
star if its distinctive lines are not seen. "It maybe
situated below the level where absorption occurs, or under
a pressure such as to efface lines by continuous lustre ; it

may be at a temperature so high that it gives out more
hght than it takes up, and yet its incandescence may be
masked by the absorption of other bodies ; finally, it may
just balance absorption by emission, with the result of
complete spectral neutrality."

Impartiality is one of the highest virtues of a historian,
and it must be allowed that Miss Gierke has shown this

virtue in a high degree. Indeed, if we may permit our-
selves to criticize what is on the whole an admirable
performance, we should say that she sometimes carries the
virtue of impartiality to excess. Here and there she appears
unwilling to exercise her judgment in estimating the
relative values of conflicting theories. Occasionally, too,

her judgment seems to the writer to be somewhat at fault.

Thus, in referring to Prof. Holden's valuable monograph
on the nebula of Orion, Miss Gierke quotes, as almost an
ascertained fact, his conclusion that the brightness of
the various parts of the nebula has been and is in a state
of continual fluctuation. Now, without in the least wishing
to detract from the merit of Holden's excellent work, we
think that in view of the materials he had to deal with

—

consisting exclusively of hand-drawings—the evidence in
favour of changes of brightness is really very slight.

Anyone who has attempted to delineate such objects will

admit that while it is very diflicult to attain accuracy in

regard to form, it is still more diflicult to be true to the
relative intensity of the various parts of a conjplicated
structure ; and a comparison of the most detailed drawing
of the Orion nebula (that of Lord Eosse) with one of the
photographs of Dr. Common or Dr. Roberts, will show at

once that it is here that the drawing most conspicuously
fails. In a matter of such difficulty, therefore, we should
prefer to consider the subject of changes of brightness as
entirely an open one, and trust for the future to the
evidence of photography alone.

In an appendix. Miss Gierke gives a brief chronology of

astronomical discoveries from 1774 to 1893, a list, with

particulars, of the forty largest telescopes in the world, and
one or two other useful tables ; and last, but not least, we
have a good and copious index, which adds much to the

value of the work.—W.H.W.
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DARK "LANES" OF THE MILKY WAY.
By E. Walter Maunder, Hon. Sec, B.A.S. ; President,

British Astronomical Association ; Superintendent of the

Physical Department, Boyal Observatory, Greentvich.

THAT the stars generally, and more particularly the

stars of the Milky Way, appear to show a definite

structure in their grouping is undeniable. The
question as to whether this appearance of structure

has any real significance is by no means so simple.

It is impossible to examine a rich field in the Milky Way,
or a photograph of such a field, without the eye at once
linking neighbouring stars together, and tracing out Unes,

curves, circles, ovals, and festoons of stars, not to speak

of more compact clusters ; but the reality of these forms
has been often called in question.

It has been pointed out, first of aU, that a purely chance
arrangement of points and dots gives rise inevitably to

precisely similar groupings. Eaindrops on a pavement,
splashes of ink from a brush, are just as fertile in showing
such lines and curves. It is argued, therefore, that no
stress whatsoever can be laid upon such forms. They are,

so it is said, far more a result of our own mental processes

than of stellar distribution, and if of stellar distribution

at all, then only one of chance.

It is further urged that though we see the stars as if

projected on a plane, we are really looking through an
infinite depth of space. Of, say, six stars apparently at

equal distances in a straight line—and this would be a

very definite and precise formation—one might be at a

distance of but twenty light-years, another at twenty times

that distance, and the rest irregularly distributed in

between. So far, then, from these stars forming a system,

we ourselves might positively be nearer to one of them
than any one of them was to any other.

A third argument has been that even in the telescope

the apparent disc of a star is enormously greater in angular
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magnitude than the real diameter of the star ; whOst its

photographic image is still further enlarged to an un-

reasonable degree. Thus, in the photograph reproduced in

our plate (for which we are indebted to the kindness of

Dr. Mas Wolf, of Heidelberg), the diameters of the stars

\, 22, 25 and 28 Cygni average 5 of arc each, which, if

we ascribe to them the very moderate parallax of 0-1" of

arc, would coiTespond to three thousand times the radius

of the earth's orbit—say, two hundred and eighty thousand

millions of miles. In other words, the diameters of their

photographic images are not improbably a quarter of a

million times as great in angular measurement as the

actual diameters of the real stars themselves. A fictitious

appearance of connection is thus created, which would

instantly vanish if we could produce a picture of the region

in which the diameters and distances of the stars were

both represented on the same scale.

It cannot be denied that there is a great deal of force

in these three objections. They do not, however, apply to a

feature—the dark rifts or " lanes "—which photographs of

the Milky Way show in abundance. Of these the

accompanying plate shows some examples, though by no

means of the most striking character that could have been

selected.

Sketch ilap of Plate, skomng direction of Dark
the Milky Way.

Laues" in

This photograph shows the MQky Way in the neighbour-

hood of y Cygni, and overlaps the photograph, also taken

by Dr. Max Wolf, which was reproduced in Knowledge for

October, 1891. The two photographs, with a third, which
appeared in Kxowledoe for December, 1891, should be

studied together. The star -/ Cygni, which is in the centre

of the present plate, is easily recognizable in the south-

west corner of the plate published in October, 1891. It

must, however, be noted that the scale of the two
photographs is not precisely the same.
A very cursory inspection of the plate shows that it is

intersected by a number of narrow rifts or channels,
traceable with equal distinctness over the richer and more
nebulous region on the west, and the poorer district on
the east.

That these rifts are not mere accidents of this particular

photograph can be seen by a comparison with the plate

already alluded to as pubUshed in October, 1891. The
two great lanes in the north-east comer of the present
plate are shown with even more distinctness in the

south-west comer of the earlier photograph, which was
taken with a different telescope, on a different scale, with
a different exposure, and on an occasion three years earlier.

The longer of the two rifts is traceable on the earlier plate

for 10° in a direction which scarcely deviates appreciably

from the rectilinear, and ceases to be visible, not because

the rift itself has come to an end, but because the photo-

graph does. The chief rift on the present plate is not

quite so conspicuous, but may be traced from the south side

of the plate, a little to the west of A. Cygni, to a point near a

bright star, where it forks off into two directions. Of these

the westerly rift passes south of y Cygni and tums nearly

due west, its course being traceable to the edge of the plate.

The other branch runs more nearly northward, passes very

close to y Cygni on the east, and then, turning in a direction

nearly parallel to the first branch, gradually loses itself.

The courses of these and other principal rifts are roughly

indicated in the index map.

The objections brought against the reality of Unes and

chains of stars do not hold good when applied to these

singular rifts. The tendency of the eye, or rather of the

mind, to form patterns from disconnected dots has no

application to the case of a long narrow strip of sky,

practically void of stars. The enlargement of the discs

of stars from photographic diffusion would tend to conceal

such rifts when they do occur, not to counterfeit them
when they do not ; and the existence of any other stars

in the line of sight, either nearer than the rifts or beyond,

would interrupt or conceal them.

There are not a few cases in the plate before us where

it appears as if a rift were rendered less obvious by the

intervention of a small cluster of stars or, in one instance,

of nebulous matter. But the course of the rift is so clearly

the same on both sides of the interruption that there can,

I think, be little doubt that we have in these cases merely

the accident of a few luminous objects in the same apparent

direction from us, but wholly imconnected with the rift.

We have the right to expect that sitch would sometimes

occur, and their occurrence is therefore no argument

against the reality of the rifts.

But what can the rifts or '

' lanes
'

' themselves be ? Seeing

that they extend for distances which must be reckoned,

not by billions of miles, but by the million billion—for a

length of 8° or lO'can hardly involve less—it is impossible to

conceive that we have here a case of absoi-ption by streams

of dark bodies. It must be borne in mind that many of

the rifts must be far longer than they appear to be ;
for

though our position within the circle of the Milky Way wiU

necessarily tend to represent rifts parallel to its mam axis

as practically of their true proportions, many others must,

no doubt, be seen by us as more or less foreshortened.

Eefer again to the a Cygni plate, of October, 1891, and note

how the greatest rift of all rises sharp and dark against the

very brightest part of the great nebula on the east of the

plate, and following a sinuous course turns up northward

in one branch along the east edge of the plate, and in

another westward across the centre of the plate just north

of a Cygni. The boundaries of the rift in both its branches

—

and, indeed, also in a third branch which springs from the

same point of divergence, and running through a sparser

region can be traced south of a Cygni to a junction with the

second branch near the west side of the plate—are defined

sometimes by nebulous matter, sometimes by stars._ And

all three are traceable alike in nebulous regions, regions of

closely-clustered stars, and where they are thinning off.

The reality of the rifts cannot, then, be challenged, for they

are independent of the character of then- bordering.

If not dark absorbent matter—and I do not see how that

idea is tenable in the case of markings so prolonged and so

comparatively narrow—what other conclusion can we come

to but that the rifts mark regions of real barrenness of

stellar and nebulous material ? So regarded they become,

I think, eloquent of a process of condensation going on in
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the Galaxy ; a transition from a more homogeneous condition

to one of greater agglomeration in certain regions. And this

transition is one which is going on, not only with the

nebulous matter, but also with the stellar.

Hcttcrs.
[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]
•

To the Editor of Knowledge.

Deak Sir,—The remarks on the spectrum of /3 Lyras,

made by Father Sidgreaves in the last number of

KxowLEDGE, are of especial interest just now, when the
nature of that star is one of the moot points in astro-

physics. Nor does there seem to be any good ground for

calling in question the validity of his reasoning as regards
the possible projection of a partially dark upon a bright line

in such a compound spectrum as /3 Lyrse is reasonably
inferred to show, liut the line produced in the way he
suggests would still be fairly strongly illuminated ; only a
differential effect could be produced. In p Lyrte, never-
theless, the projected rays seem to be absolutely black.

One of them certainly is. Dr. Vogel expressly states that
there is a total absence of chemical action along the line

enclosed within the briUiant band representing the first

of the ultra-violet hydrogen series (H ^), in which the
spectral changes of the star are most characteristically

shown. A hmt is thrown out that this remarkable
circumstance may be a photographic effect due to rapid
development ; but the fact remains that the stripe is

totally dark.
. Hence there appears no alternative but to

conclude that where it crosses the spectrum the gaseous
light is entirely cut off. This can only be explained, so far

as we can see at present, as a " reversal."

A. M. Clerke.—I • I

—

THE STEUCTURE OF THE UNIVERSE.

To the Editor of Knowledge.

Sir,—With regard to the views of Prof. Kapteyn,
expounded in your last by Mr. Gore, there are some
remarks which occur to me. That the stars which
surround the sun are chiefly of the solar type has, I think,

been substantially proved, though the precise degree of

preponderance has not yet been ascertained. But when
it is alleged that at a greater distance this relative

preponderance is reversed, and that the Galaxy consists

chiefly of Sirian stars, I think we are going entirely

beyond the evidence.

According to the best estimate at present available, a
Sirian star is probably, on the average, abouttwo magnitudes
brighter than a solar star, whose mass and distance is the
same. Supposing the stars to be uniformly distributed, the
number would increase about fourfold for each magnitude.
Hence, if we use the number of Sirian and solar stars of
any given magnitude as an index to their proportions
throughout the sky, the former would appear to be about
sixteen times as numerous as they really are. In point of

fact, however, the stars do not increase in number, as the
magnitude diminishes, so rapidly as this. The true dis-

proportion would probably be nearer to ten times than
sixteen times. But this difference is sufficient to upset
our calculations. In comparing the Sirian stars of the
sixth magnitude, for instance, with the solar stars of the
same magnitude, we are comparing two sets of stars the
average distance of one of which is at least double that of
the other ; and if we compare all the stars of each kind
up to and including that magnitude, we are comparing the

stars comprised in two spheres, one of which has half the

radius of the other.

Let us pass, then, from magnitude to proper motion.

Suppose, for instance, that we find a preponderance of

Sirian stars among those whose proper motion lies between
0-04 ' and 007" annually. Do we know all the stars

whose proper motions lie between these limits '? Certainly

not. We seldom know the proper motions of very faint

stars, though the case of a binary star with a faint

companion often indicates that there are faint stars whose
proper motions are considerable. In fact, we only know
the brighter stars whose proper motion lies between the

limits in question, and we might naturally expect that

the majority of these brighter stars would be Sirians.

Statistics based on a particular amount of proper motion
are of no value unless we know a large majority of

the stars with that proper motion, or at least the stars

which we know may be considered as impartial representa-

tives of the class. But as regards stars with small proper

motion neither of these conditions is fulfilled. We do not

know all the stars which possess the motions in question,

and those which we do know are selected on account of

their brightness, thus giving an xmdue advantage to the

Sirians.

I think if any one wiU examine the solar stars down to,

say, the fifth magnitude, tabulating their proper motions,

and then estimate what the magnitude of a solar star with

a proper motion of 0-04" might be expected to be, he will

find an easy explanation of why we know of so few solar

stars with this proper motion.

Nor do I think the photographic results attained in the

Galaxy conflict with these considerations. Sirian stars

are even more superior to solar stars in their photographic

power than in their light. If they appear to be multiplied

tenfold to the eye, they probably appear to be multiplied

fiftyfold in the photograph. But, generally speaking, long

exposure brings out more and more stars in the Galaxy
without any limit so far as we know at present. What are

these stars '? Are they Sirian stars situated at greater

distances or of smaller mass ? Or are they solar stars

mixed up with Sirians, but which require much longer

exposure in order to impress their images on the plate ?

The whole question is evidently one in which superficial

appearances may deceive us. The evidence requires not

only to be stated but to be carefully weighed, and it is by
no means the only instance in which astronomers seem to

me to have deduced conclusions from insufiicient premises.

When we have ascertained the spectra and proper motions

of all stars down to the eighth or ninth magnitude, we shall

be in a better position to offer an opinion ; and it is by no
means impossible that the solar stars may be found to

retain their relative preponderance as far as our list of

proper motions can be regarded as complete. I believe they

do so at present.

In conclusion, I wish to make one or two objections to

the theory that solar stars develop into Sirians. In the

first place the difference in brilliancy is, I think, too great;

but, in the second place, the solar stars whose spectra

approach nearest to the Sirian type—the Capellans, with

the spectra designated E, F, and G in the Ih-ajwr Catahigiu

—appear to be the least brilliant of solar stars. On the

theory of development, therefore, solar stars must diminish

in brilliancy as they approach the Sirian type, although

the increase in brilliancy is great when they attain it.

Indeed, the fact that the spectral types B and F stand at

opposite ends of the scale of proper motion seems to me
fatal to any theory of development.

Truly yours,

W. H. S. MoNOK.
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To the Editor of Knowledge.

Dear Sir,—M. Deslandres, in his letter on the electric

origin of the chremosphere published in the December
number of Knowledge, alludes to my experiments on the

radiation of sodium vapour, and mentions as a possible

objection to my conclusions the fact that the recipient I

used is either attacked by the sodium or is rendered
slightly porous when strongly heated, and may allow gases

from the Bunsen flame to find their way by diffusion into

the sodium vapour, thus setting up chemical reactions

whence the D radiation may be derived. He also suggests

that ordinary sodium is not in a sufiiciently pure condition

for the purpose of my inquiry, since it contains hydrogen
in some qiiantity.

I am very glad of the opportunity he has thus afforded

me to answer these objections and state more clearly the

nature of the evidence on which I rely to prove that the

radiation observed is not the result of any kind of chemical
action but is simply due to heat.

With regard, then, to the possible effect of leakage or

diffusion inwards of gases outside the heated tube, I may
point out that as hydrogen diffuses through red-hot iron

much faster than oxygen or any other gas capable of

reacting with sodium, there will always be a stream of

hydrogen molecules flowing outwards when hydrogen
or coal gas is the medium employed in which to heat

the sodium. This outward current is aided in most
of my experiments by maintaining a slight pressure

inside the tube above the atmospheric pressure. Thus,
if external gases gain access to the sodium at all, it

can only be ! y diffusion through the outward flowing

hydrogen.

But, even admitting the possibility of minute traces of

such external gases finding an entrance to the tube, the

chemical action so produced could under no circumstances

be expected to originate the broad D emission line or band
actually seen ; at the most it would give rise to a fine

double D line similar to that of a flame tinted with a salt

of sodium, and where the density of the reacting molecules

is very small. Fm-thermore, the bright D band corresponds

exactly in width with the absorption band seen when white

light is passed through the vapour, indicating that every

molecule concerned in the absorption is also concerned in

the radiation—that is, every fi-ee sodium molecule in the

hot part of the tube takes part in the production of the

bright D band ; and it would be absurd, imder the circum-

stances, to suppose that every molecule was at the same
time undergoing chemical change. The only alternative is

to suppose that the radiation is the direct result of the

heat.

As to the question of the purity of the sodium employed
in the experiments the same argument applies, for there

must always be a large excess of free sodium molecules

over any others existing as impurities. It is true that

sodium will absorb two hundred and thirty-seven times its

volume of hydrogen at a certain temperature, but the

compound so formed is a very feeble one, and is dissociated

again at a temperature far below that at which the vapour
begins to glow.

With regard to the application of my results to the

chromosphere radiation, I will only go so far as to claim

to have removed one of the chief obstacles in the way of

accepting the "incandescent" theory by showing that

gases can be made to emit their characteristic light by heat

alone ; and I think, therefore, that this theory deserves to

be carefully reconsidered by physicists, particularly as

it requires fewest assumptions.

The great difficulty to my mind in accepting M.
Deslandres' view is that it necessitates the assumption of

a continuous discharge of electricity over the entire solar
sphere. This seems to imply a shell of matter external to
the chromosphere charged m an opposite sense to the
photosphere, the difference of potential between photosphere
and external shell being in some unknown way maintained
constant in spite of the perpetual sort of brush discharge
going on.

The analogy drawn by M. Deslandres between the
electrical phenomena of the solar and terrestrial atmos-
pheres is a very interesting and suggestive one ; but
(fortunately, perhaps, for our well-being) the difference
of potential between the higher and lower strata of our
air does not necessarily imply a constant discharge of
electricity over the entire sm-face of the globe, and there is

no phenomenon knowai on the earth, except possibly the
aurora, to complete the analogy, which thus seems to fail

in its application to the chromosphere radiation.

.J. Evershed.

THE PEOGRESS OF ASTRONOMICAL PHOTOGRAPHY.

To the Editor of Knowledge.

Dear Sir,—I am pleased to have the opportunity, which
Miss Agnes M. Gierke's letter in the September number of

Knowledge under the above heading gives me, of frankly

admitting the shortcomings of my address, and my regret.

But at the beginning of my address, and again near the
close, I endeavoured to make its incompleteness known.
Thus I said (page 2), " In this brief outline I shall have
little more than time to mark the stepping-stones in that

onward march ; to trace the details would take volumes."
And again (page 23), " In this brief outline of what photo-

graphy has done, and is doing, much has been omitted for

want of space,'' and I may add that when I began to

collect the facts, I thought I should have no difficulty in

putting within the limits of my address a fairly complete

outline of the stcpa by which astronomical photography has
risen to its present importance, but I found I was mistaken,

and obUged to leave out many important facts that I had
collected about the more recent work. Some others were
accidentally omitted ; amongst these was a reference to

Prof. Barnard's valuable steps of progress. It was his

work on the Milky Way, in 1889, that suggested to me to

take up similar work here, and this was acknowledged at

my first publication of that work. Other facts have come
to my knowledge since. For instance, I have learned that

it was his early success as an amateur in astronomical

photography, that gave to the world, in the person of

Dr. Gill, one of the leading astronomers of to-day ; for

it was that which induced him to accept Lord Lindsay's

offer and adopt astronomy as a profession. Keference to

Dr. Gill's more recent work, which has had so much
influence in accelerating the progress of astronomical

photography, was quite unintentionally omitted.

H. C. KUSSELL.

Observatory, Sydney,
25th November, 1894.

Scintcr Notts.

Summarizing the very carefully compiled and systema-

tized facts detailed in the last annual report of the United

States Bureau of Ethnology, Mr. J. W. Powell, the

director, concludes that tattooing, or face painting, is still,

or was very recently, resorted to in various parts of the

world for many purposes besides the specific object of

tribal, clan, or family designation, and also apart from
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the general intention of personal ornament. He enumerates

seventeen purposes, as follows :—1, To distinguish between

free and enslaved, without reference to the tribe of the

latter ; 2, to distinguish a high and low status in the

same tribe ; 8, as a certificate of bravery, exhibited by

supporting the ordeal of pain ; 4, as marks of personal

prowess, particularly ; 5, as a record of achievements in

war ; G, to show religious symbols ; 7, as a therapeutic

remedy for disease, and 8, as a prophylactic against

disease ; 9, as a brand of disgrace ; 10, as a token of a

woman's marriage, or sometimes, 11, of her marriageable

condition ; 12, identification of the person, not as tribes-

man or clansman, but as an individual ; IS, to chai-m the

other sex magically ; 14, to inspire fear in the enemy ; 15,

to magically render the skin impenetrable by weapons
;

16, to bring good fortune, and 17, as the device of a secret

society. —i-*H

—

The ethnologist and sociologist will not fail to recognize

in some of these conclusions the close relationship between

customs among people low down in the scale of human
evolution, and customs, with the necessary variants, among
people of the highest culture at the present day. It is

remarkable, too, that there exist tribes or clans of people

but little advanced from the palteolithic stage, among whom
tattooing, or face painting, is unknown ; among others, the

inhabitants of Eossel Island, New Guinea, and some of the

natives on the north-east mainland. The former do not

even know the use of pottery, but according to Macgregor
(oificial despatch, 0323, 1891, p. 197), "the men carry

sponges to wash their faces," and the latter (1892
despatch) " wear (many of them) the hair in long, matted
ringlets, some of the men wear false whiskers." How
long they wall remain in this primitive state of unpainted

cleanliness is doubtful. Tattooing (Haddou) " has spread

to a certain extent among the Papuan hill tribes of the

Peninsula, the Koitapu women appear to have thoroughly

followed the fashion of then Motu neighbours." The
motif here would come under conclusion 13 : "to charm
the other sex." Its variant among the females of the

hairy Aino people of Japan at the present day takes the

form of a painted moustache, which is not impleasing,

and in varying degrees of artistic, expressive, or necessarily

lavish application, it can be studied any night to advantage
when Irving, as the good Hamlet, speaks these words :

" Now get you to my lady's chamber, and tell her, let

her paint an inch thick, to this favour she must come
;

make her laugh at that."—*'*-*—
Latest advices from America, relating to the progress of

the Cataract (Electric) Construction Company's works at

Niagara, are of a most encouraging nature. That, with its

far-reaching and indeed almost illimitable economic possi-

bilities, combined with the recent exploration and descrip-

tion of the even greater Hamilton Eiver Falls of Labrador,

suggest reflections on the rate of river recession under

certain geological conditions. The recession of the Eiver

Niagara, from Lake Ontario to the present Falls, has been

calculated at the rate of from one to three feet per annum ;

in all, thirty-six thousand years. In one of his biological

lectures before the Catholic University of America, Dr.

Shufeldt, dealing with the subject of river erosion,

said : "If the comparatively short and shallow gorge

of the Niagara Eiver takes thirty-six thousand years

to be carved back to its present site, I beg to leave it to

your imagination how long it took the Colorado Eiver to

find its present bed, a mQe below the surface of the earth,

and for a distance of three hundred miles in length."
|

It is interesting to note that the distance of the Hamilton
Eiver Falls is also almost exactly three hundred miles,

and taking the Niagara Eiver recession as a basis of calcu-

lation, and allowing for differentiations in the varying
resisting hardness of rock, kc, penetrated, the time in

either instance cannot be intelligibly set down in figures.
1 ^«

Intelligence has been received of a fallen " meteoric
stone " at Easchanya, Eussia, of " unparalleled dimen-
sions," but up to the present no reliable particulars are to

hand of the most important factor, namely, its component
parts. As in the case of others previously examined, it will

probably be found that this new visitant is of the earth

earthy. The problem of its original volcanic habitat

involves important points, which need not be subject of

speculation at the present.—I »

I

That Lord Kelvin should have expressed his confidence

in the practicabihty and scientific value of the recent

discoveries in the production of electricity, otherwise than
by the expensive dynamo, by two yoimg Scotchmen, is in

itself an important fact. Working on a broad platform of

accredited data, these two men have made extensive

experiments, and the net result, up to the present, appears

to be the discovery of a primary battery in which the

decomposition of the zinc plates is rendered much slower,

and the chemicals used trivial in value. The strength of

the battery thus formed is very greatly increased. If this

proves to be the case, it will mean a great increase of

power, economy of weight, and reduction of cost, thus

putting aside the primary obstacle to the more general use

of electricity for public and private " consumption."

The last Australian mails bring intelligence of the

terrible ravages of an insect pest which bids fair to prove
as destructive as the rabbits ; but unlike the rabbits,

without one solitary redeeming economic virtue. Mr. Box,
the entomologist for the Tasmanian Government, has
furnished a very able report on the subject, and points out
that this underground grub is a moth ; not anything like

the May bug, which takes three years to reach maturity.

He has called it the " grass grub." The insect matures in

one year, and when fully developed covers tbe pasture lands

like a plague of locusts. The grass grubs, says Mr. Box,
"may be seen flying about irr the evening just after sunset

in the months of December and January over the surface

of the pasture fields, where they deposit their eggs at the

roots of the grass, and where the young grubs can get food

immediately they are hatched." He thinks these grubs

are hatched "just after the first autumn rains, when they
commence to feed upon growing grass and continue to

feed all the winter imtil the beginning of spring," thus
doing an incalculable amount of damage. His personal

observations on the life-habits of this new (?) pest are

apparently exact, and will prove interesting to entomolo-
gists :

—" In the month of June I found them just under
the surface of the ground about half an inch long. In July
and August they had increased in length to an inch and an
inch and a half, burying themselves in the grotmd, and
covering their holes with a web, from which they emerge
every evening to feed. During the month of September they

will eat of tbe grass close to the ground, letting the upper
part remain untouched, which causes the fields afifected with

them to have a withered appearance. This is generally the

time when they are noticed first, but it is in fact the time

when they have almost completed their work of destruction.

After they have attained their fuU size, which is about two

inches in length, they turn to a chrysalis, and then to a

brown moth."
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No animal in existence, not even careless man, has done

more to spread far and wide infectious disease among farm

stock than the dog. But a more serious charge has been

brought against the dog by \h\ Megnin in a lecture before

the Paris Academy of Science. When practising as a

veterinary surgeon, previous to taking his degree of medicine,

Dr. Megnin frequently had dog patients under his care,

suffering from iuiectiou of consumptive tuberculosis. He
holds that dogs are not only peculiarly sensitive to such

infection, but readily convey it to the human companion.

Dr. Megnin traces rabies (hydrophobia, &a.) to filthy

feeding. There are many facts in favour of that theory,

and against the "heat" now so industriously propagated

by panic-imposed muzzling orders, as, for instance, the

terrible plague of hydrophobia that raged in Greenland

and BafSnland a few years ago.

One of the effects of the recent terrific gales was to drive

on to the north-east and east coasts of Scotland, and the

coasts of Northumberland, Yorkshire, and Lincolnshire an

extraordinary number of little auks {Mcn/idos alhis),

glaucous gulls (Lanis glmict(s), and a few barnacle geese

[Bernicla Ifiitopsis), all non-indigenous British birds.

THE BASS ROCK AND ITS WINGED
INHABITANTS.

By Harry F. Witherby.

VISIBLE for miles around, and rising abruptly to a

height of four hundred and twenty feet above the

sea, the Bass Kock with its clear-cut outline and

imposing grandeur forms a most striking feature

at the mouth of the Firth of Forth. This noble

old rock is about a mile in circumference, and is situate

three and a quarter miles east-north-east of North Berwick,

and some two miles from the shore ; its sides which face

the open sea are precipitous, while that side which lies

towards the land rises in a long grassy slope.

Undoubtedly, the x^rincipal interest in the Bass Eock at

the present day lies in the fact that it is one of the greatest

breeding stations for sea birds round the coasts of Great

Britain. In times gone by, however, it was celebrated

both as a fortress and a prison.

The first authentic record of this rock having been

inhabited dates back to the beginning of the seventh

century, when St. Baldred, a hermit, took up his abode

there; and though during many years afterwards the Bass

was a fortified place, it is impossible to trace precisely when
this change came about. The earliest mention of its

being so used was in the year 1405, when Prince James
{afterwards .James I. of Scotland) took refuge there, and
a few years later it was used as a prison for the Duke of

Albany, who had acted as regent for the young prince.

The ancient farcily of the Landers are said to have been
the first owners of the Bass, and they held possession of it

for about five hundred years, until in 1620 it was appro-

priated by Charles I. Some few years afterwards, when
Scotland was threatened with invasion by Cromwell from
England, the public records of the Church of Scotland

were sent for security to the Bass Rock ; but Cromwell
captured the ISass, as he did all Scotland's other strong-

holds, and forwarded the valuable documents to the Tower
of London. In 1671 the island, being then in possession

of Andrew Ramsey, was purchased by the Government of

Charles II. for the purpose of a State prison, after which it

became noted as the prison in which the leading Covenanters
were confined.

It is interesting to note that the Bass was the last spot

in the British Isles to hold out for James II., but it was
captured in 1691, and in 1701 was dismantled of its

fortifications by command of William III. Five years after-

wards it again became private property, passing into the

hands of Sir Hew Dalrymple, and since that time the

buildings have been allowed to decay, and the rock has

been rented mainly for the sake of the eggs and flesh of

the many sea birds which resort there throughout the

breeding season. Besides numerous rabbits which thrive

on the rich grass growing at the top of the rock, sheep used

to be kept there in limited numbers, but being unable to

obtain a good supply of water they did not flourish. Bass

Pig. 1.—Eider Duck ou Xest.

mutton, however, always commanded a good price, and vve

have heard that there was often more "Bass mutton " in

the market than was ever on the Bass.

The most numerous inhabitant of the rock is the solan

goose or gannet ; and, hke other dwellers on the islet,

it boasts a place in history, for the oldest records of

the Bass mention this bird as breeding there in great

numbers.
When the gannet first came to nest on the rocky ledges

of the Bass is not known ; but geologists have a theory

that this rock of volcanic origin was once in the form of a

sloping mound, and that, as the softer covering of debris was

worn away by wind and sea, the unyielding rock was left as

we now see it. Certainly the birds took up their abode on

the Bass after this denuding process was complete, for they

could not build their nests were it not for the broad ledges

which now rise up in tiers from the bottom to the top of

its precipitous sides.

It was in the month of August that I paid my first visit

to the Bass, and grand as the sight then was, it was

infinitely more so when I visited it again in the month of

May at the height of the breeding season. After a pleasant

drive from North Berwick ou a beautiful summer day, our

party arrived at Canty Bay, which lies just opposite the

rock. Here we found a boat waiting, and even as we were

getting on board we could catch a glimpse, as the sun

lighted on them, of countless white objects whirling round

the rock just two miles to seaward.

As we rowed out, every now and then a gannet would fly

over our heads, seemingly but a few yards above us, and

appearing to be quite a small bird, notwithstanding the

fact that it measures on the average five feet ten mches

across the wings. It is very often the case on a clear day,

and especially at sea, that a large bird appears to be very

close, when in reality it is a considerable distance away.

The nearer we approached the rock the more numerous

the bu-ds became. Guillemots, in their beautiful breeding
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plumage of velvety brown on the back and bead, and
white on the under parts, were swimmmg about in com-
panies, while here and there amongst them a razorbill was
conspicuous by its black shining back and clumsy-looking
beak marked with a white vertical stripe. As soon as we
were within twenty or thirty yards of these birds, they
dived down with the rapidity of lightning, and, swimming
under water, reappeared some fifty or sixty yards further on.

Unlike divers such as the cormorants and the crested
grebe, the guillemot and razorbill do not jump out of the
water as they dive, but, putting down the head and lifting

up legs and tail, they go down perpendicularly. Moreover,
so quickly is this action performed that, when fired at

from a distance of about thirty yards, the bird will often

dive at the flash of the gun, and evade the sliot which
strikes the very spot on which it was swimming but a

moment before. Under water these birds can travel with
considerable rapidity, both feet and wings being used as
propellers. Their movements in a glass tank afford an
interesting and beautiful sight. When a fish is thrown
into the water, the guillemot immediately dives down, and
as it proceeds under the water with slow but graceful beats
of the wing, a track of silvery air bubbles, like a chain of
glistening pearls, is left in its wake.
But to return to the Bass. When within a hundred

yards or so of the rock, we came upon a number of that
strange-looking bird, the puffin or sea parrot. Unlike the
guillemots, they did not dive at our approach, but rose
from the water and flew away with a short quick flight.

We did not land immediately on reaching the island, but
rowed round it, and the sight from this point of view was
simply marvellous. Thousands upon thousands of gannets,
and scores of kittiwake gulls, were wheeling about in the
air uttering the most weird and discordant cries, while
every available ledge from about sixty feet above the sea
to the top of the rock was occupied by gannets, guillemots,

razorbills or kittiwakes. The more one gazed at this ever-

moving mass of birds the more wonderful and awe-inspiring
did it appear. It has been estimated that about five

thousand pairs of gannets nest on the Bass alone.

As we rowed round, a large opening in the rock nttracted
our attention, and we were told that this was the entrance

Flft. 2.—Uerring Gull's Nest and Eggs.

to a tunnel about thirty feet high and one hundred and
seventy yards in length, which passes right under the
island from east to west. A cormorant was sitting on a
ledge at the entrance, and several of these birds had built

their nests mside the cave.

Very little swell or rough water makes it a difficult task
to land on the Bass, in consequence of the great rise and
fall of the sea. No difiiculty, however, was experienced

on this beautiful May day. On landing we soon climbed
up to the entrance of the ruined castle, and just as we were
about to step in, an eider duck flew off her lovely nest of

dun-coloured down, imbedded in which were five dull

green eggs, .lust within the low and narrow doorway

Uannot dctrudiu;!

(From ail instantaneous photograph.)

leading into the roofless old castle we were sui-prised to

find, in the shadow of the walls, another eider duck's nest,

upon which the female bird was sitting. The bird's neck
was bent back, and her head, resting between her folded

.vings, seemed to rise straight out of the middle of her
back. This bird proved exceedingh' tame, allowing a

cautious approach to within five feet of the nest, and then
remaining perfectly still while the Kodak was brought to

bear on her (Fig. 1). The eider duck was not the only

inhabitant of the castle. Every now and then a puffin

flew in or out of a hole in the old walls. I rashly attempted
to climb up to one of the holes, some twenty-five feet from
the ground. The walls of the castle are formed of large

blocks of sandstone built up together with mortar, but the

mortar having fallen away, the projecting stones form an
easy foothold. I had reached the hole from which a puffin

liad flown out, and was leaning over to get its single white
egg, when the great stone to which I was clinging suddenly

gave way, and, just grazing my head, crashed to the ground.
By clutching at a firmly-set stone below, I managed to

escape falling upon the jagged rocks on which the wall

was built.

It was very strange to find on this sea-girt rod; a homely
blackbird, sitting upon a nest of four eggs. There being
no tree or shrub in which the birds could build their nest,

they had placed it in a chink of the castle wall. Whether
they foraged for food on the rock, or flew acro5s to the

mainland, I do not know. As we mounted up the grassy

slope to the top of the rock, the white scut of a rabbit

every now and then appeared ; and the only bird found
breeding on this part of the island was the herring gull.
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Several nests, loosely formed of feathers, grass, and sticks,

and containing two or three straw-coloured eggs, spotted

and blotched with rich brown, were placed in a hollow

scraped in the ground (Fig. 2). The gulls, however, were
very wild, rising off their nests as soon as they caught

sight of us. Leaving the grass, we walljed round the edge

of the rock, from which a fairly good view can be had of

the countless number of birds breeding on its precipitous

sides, and two of our party climbed a long way down amongst
them. Jumping, or clambering down, from ledge to ledge,

one could not proceed without treading on a gannet's nest

here and there, so thickly were the ledges populated.

Moreover, the gannets were so bold, that they stood up in

the nests, and flapping their wings, croaked and pecked at

the intruders, each holding down the solitary egg with the

webbed foot all the while. An old bhd was provoked to this

position, and the camera brought to bear on her (Fig. 3),

but, as will be seen in the figure, she had almost closed her
wings before the plate was exposed. This bird's peculiar

habit of holding down its egg no doubt gave rise to

the old behef that the gannet hatched its egg with its

foot. The nest of the gannet is flat and round, and is

formed for the most part of seaweed, but anything, such
as sticks and straw, that the bird finds floating on the sea,

is picked up and heaped upon the nest. The nests are

added to from year to year, and consequently some of them
are of a considerable height ; moreover, they are extremely

filthy, swarmirg with vermin, and emit a disagreeable

smell.

When first laid the egg is pale blue, overlaid with a layer

of chalky white, but it soon becomes dirty, until when
hard set, it can scarcely be distinguished from the nest

itself. Several young birds were hatching out as we climbed

down. When just hatched, the young gannet is a curious

object ; a large head and beak protrude from a bluish-black

naked mass. As the bird grows, however, this black skin

is covered with beautiful white down, which in its turn is

replaced by deep brown feathers, speckled with white ( Fig. 4)

.

At each moult the white on the bird's feathers increases,

until when from three to five years old (the exact age has
not yet been ascertained) the gannet comes to maturity,

dressed in a plumage of shining white, with black-tipped

wings and cream-coloured head.

The young are at first fed with half-digested fish given

to them by the old birds, and as they grow stronger whole
fish are brought to them ; but the parent birds never carry

food to the young in the beak—they invariably swallow the

fish and eject it upon reaching the nest. It is a curious

fact that if the gannet has any undigested food in its

stomach as it is about to fly from its nest, the food is

disgorged and deposited near the nest ; and when the

young are old enough to feed themselves they scoop up
these half-digested fish with their beaks and swallow them.

After attaining their first plumage, and when they have
become plump, the young are collected by the lessees of the

Bass. They ai-e plucked, flayed, roasted, and sold for

eating at a few pence each. A certain amount of oil which
is extracted from the skin and entrails was formerly used

as a remedy for gout, but is now generally employed as

grease for cart-wheels. The feathers when properly

prepared and freed from their fishy smell, also have their

market value, so that little of the bird is wasted.

Perhaps the most interesting habit of the gannet is the

way in which it obtains its food. Flying along at about

one hundred feet above the sea, the bird espies a herring,

mackerel, or some other fish which swims near the surface

of the water, and suddenly stopping its onward flight, it

trembles in the air for ii moment as if to take aim, but

only for a moment, when, with closed wings, it drops into

the water like a stone. Scarcely has the great splash

caused by its fall subsided, than the bird rises to the surface

with its prey, and floating for a moment swallows the fish,

and then mounting into the air resumes its onward flight.

Often as this feat is performed, the gannet very rarely

fails to capture the fish at which it aims. In some parts

of the coast these birds are caught by the fishermen by
fastening a herring to a board and floating it on the sea.

The gannet diving down upon the fish, is stunned or kOled

by the board, which is often transfixed by its beak. In

the winter, when the gannets leave their nesting- places and
distribute themselves round the coast, their arrival is

always hailed by the fishermen as a sure sign that fish

are in the neighbourhood.

There are several points in the anatomy of the gannet

well worthy of attention. Its nostrils are closed, the

tongue is aborted, and the feet are webbed ; but the chief

peculiai'ity In the structure of this remarkable bird is the

presence of a large number of air cells throughout almost

the whole surface of the body. Some of these air cells are

very large, and they all communicate with the lungs, and
can be inflated or emptied at will.

The distribution of the difl'erent species of birds was very

noticeable as we climbed down the precipitous sides of the

;f^*m^.
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Fig. 4.—I'ouQg Lramiet iii the first plumage.

Bass. From the top to about half the distance down, the

gannets had monopolized every shelf, but the lower we

climbed the less numerous the gannets became, their place

being taken by rows of guillemots and razorbills, which lay

their eggs on the bare rock, and therefore the contrast

between the ledges occupied by the gannets and those used by

the guillemots was remarkable. The former were covered

with dirty nests and strewn with every kind of rubbish,

while those on which the guillemots were sitting were

comparatively clean. Both the guillemot and the razorbill

lay a single egg of a large size, the guillemot always

choosing an open position on which to deposit its egg,

while the egg of the razorbill may usually be found in a

small crevice, or in some more or less sheltered ledge. The

reason for this difl'erence in the habits of the two birds may,

perhaps, be found by examining the respective shapes of the

eggs. The guillemot's egg is pyriform, being very broad at

one end and pointed at the other, and this causes it to

revolve on its own axis should it be touched or should the

wind blow it. The razorbill's egg, on the other hand, has

not this shape, and the bird no doubt places it in a crevice for

safety. But this is not the only difference in the breeding
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habits of the two birds, for while the razorbill lies along

the egg, placing it between one of its wings and its body
whilst incubating, the guillemot sits upright upon hers,

holding it in a cavity formed in the feathers between her legs.

The razorbill's egg forms a very striking object, being of

a white ground colour, spotted and blotched with blick.

The guillemot's egg is remarkable for its great variety of

colouring, and although generally of a bluish-green of

varying shades, marked with rich brown spots and streaks,

eggs may be found of all shades, from a light blue to one

identical in colouring with that of the razorbill. The
shape of the guillemot's egg is not an invariable safeguard

to its rolling off its precarious resting-place, for coming
suddenly round a comer of a ledge I disturbed a guillemot,

and in flying from her egg she caused it to roll off the

shelf. It struck a gannet on the head in its downward
course, and finally landed in the nest of another ganuet,

which immediately devoured it.

Those extremely elegant little gulls, the kittiwakes, were
the only other birds breeding on the rock, although at

times a peregrine falcon takes up its abode on one of the

most inaccessible ledges. The kittiwake builds a fairly

large nest of seaweed, and lays two or three eggs of greyish-

white marked with rich brown. It always selects a narrow
ledge, difllcult of access, and we could find no nests of thii

bird on the Bass which could be reached without a rop.\

This gull is a very late breeder, not commencing to lay

until about the end of May, so that when the close season

expires at the beginning of August there are always un-

fledged young ones in a great many nests. So ardent a

desire is there, however, among the weaker sex for the skin

of this elegant bird to adorn the hats, that hundreds of

the old birds are slaughtered annually, while their young
are still unable to provide food for themselves, and a linger-

ing death to the nestlings is generally the consequence.
In conclusion, let me recommend to all lovers of British

sea birds a visit to the Bass Eock, where so many species

may be found, and where their life-history may so easily

be observed.

RECENT WORK ON DIPHTHERIA AND ITS

PREVENTION.
By James C. Hoyle, M.B., M.K.C.S., D.P.H.

CONSIDERABLE attention has lately been given

by the medical and lay press to the subject of

diphtheria. This arises from two causes. Firstly,

because, unfortunately, the disease has shown a

marked tendency to become more general, and
secondly, because recent investigation has resulted in

discoveries which we may confidently hope will prove

successful in combating this disease.

The popular idea of diphtheria is undoubtedly a sore

threat of a very bad and sometimes fatal kind, and this is

dimly associated in the lay mind with " drains." Scientific

investigation has proved that diphtheria depends upon
the inoculation of some part of the respiratory passages

with a tiny micro-organism—the bacillus diphtheriae.

The microbes multiply around the seat of inoculation,

and generate a poison which produces in the patient

some or all of the symptoms of the disease. The local

changes are characterized by inflammation and the

formation of a yellowish membrane covering the aft'ected

parts.

These recent discoveries are most opportune, as both

the total number of cases and the percentage mortality

have been steadily increasing of late years ; while the

disease, which formerly mainly affected rural districts,

has shown a t3ndeney to find a home in large towns and
cities.

In London this has been very marked, as the following

statistics will show:—
In 1890 there were .5870 cases of diphtheria " notified"

by local medical officers of health to the Metropolitan

Asylums Board. In 1S93 the number of cases had risen

to 13,026. The disease was also more fatal.

LoyDox Death Kate per Million- Peusoxj Living, per Axxrw

:

-.- -TV- 1 ..1. • Disease? of throat, m . ,
1 ears. Diphtheria.

.. j- i .1 Total.' ujt di-hthena.
ISSl 172 321 49.3

1891 340 17

r

517
1893 760 120 8'*0

DiPHTUERiA Deaths per MiLLioy Person'< Livixr. (Mew
Annual Death Rates) -.

1881-3. 18^t-fi. 1357-9. 1-0 2.

Kngland and Wales 144 101 173 I9J

London 2!3 227 31.5 377

There is reason to believe that part of this increase i-?

more apparent than real, for belter medicil knowledge his

rendered the recognition of obscure cases raster. Tuis

view is strengthened by the fact that with the increase in

diphtheria there has been a decrease in the death rate from
diseares of the throat, other than diphtheria. UndoubteJly
many cases of what was formerly called "croup" wore really

diphtheritic. It has been estimated that eighty-two per

cent, of the deaths from diphtheria

occur in children under ten years

of age, ard there are few familits

where this fact will not be pain-

fully endorsed.

This being the present unsatis-

factory state of affairs, it behoves
everyone to consider what can
be done to ameliorate matters.

Sanitarians in particular, and
medical men in general, ought to

receive far more confidence and
support from the laity than that

which is accorded them. Measures
and precautious suggested by a
knowledge of the causation and
danger of infectious diseases,

whether enjoined by statute or not, should be welcomed as

part of the fight which science is ever waging against

disease, and a more grateful recognition of the labours

of original investigators would honour alike the State and
the worker.

To leave the dry bones of percentages and death rates,

let us consider some of the factors which sanitarians have
named as being concerned in the production of this disease.

First comes " drains." It is very difficult to say what is

the precise relation that defects in drainage bear to the

production of diphtheria. Broadly, it may be stated that

where sewers and main drains are defective, there the soil

and surface-water will become foul and germ-laden, and
sewer gas and other emanations will readily enter premises

where the sanitary arrangements are obsolete or defective
;

yet cases occur in houses where the sanitation is above
suspicion. Next we must consider the risk and danger
arising from direct infection. Ilemembering that the

bacillus is discharged in the mucus from the respiratory

passages of a patient, one would naturally expect to

trace direct infection in the majority of cases. Some-
times this evidence is very clear ; for instance, medical

men have themselves contracted the disease from a patient,

either by the sufl'erer coughing into the doctor's face, or

when during the performance of the operation known as

A.—From the false mem-
brane of human diphtheria

of the fauces. The rods

are the bacilli ; the dark
masses are tissue cells.
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tracheotomy (opening the windpipe in the neck to relieve

impending suffocation, caused by the membrane formed in

this disease) the surgeon has courageously attempted to

assist Nature, by applying his lips to the tube inserted in

the neck.

To sum up briefly certain results gained by investigation

on lines suggested by these facts, it may be said that in a

family where one patient is suffering from diphtheria,

other members are likely to have sore throats, and
many of these subsequently develop the disease. From
the throats of those exposed to infection, but not

showing signs of the disease, cultivations of the bacillus

diphtheria; can often be obtained, and it is probable

that this latter class may help to trinsmit the disease.

Further cultivations of the specific bacillus have been
obtained from the throats of patients some weeks after

apparent convalescence ; a fact which suggests the neces-

sity of using antiseptic gargles and sprays for some time

after all symptoms have disappeared.

Dr. Thorne Thorne, Principal Medical Officer to the

Local Government Board, in his Milroy Lectures, delivered

before the Eoyal College of Physicians of London, has
shown the part played in propagating epidemic diphtheria

by elementary schools where many children are in close

contact with each other in rooms too often iU-ventilated.

I may here remark that the cubic floor space per child

allowed in Board schools is far too little, and there can be

no doubt that this is a serious factor in the dissemination

of this and other contagious diseases. In the large blocks

of workmen's dwellings, often euphoniously but incorrectly

called " models," the percentage of cases is higher than
in other more separated dwelliogs, and this arises from
causes similar to what I may call the school propagation.

Passing by these two factors, which after all merely
account for the increase and not for the causation of the

disease, evidence has of late years accumulated which tends

to snow that the lower animals sometimes suffer from
diphtheria, and so may be sources of danger. Cats are

sometimes affected by the disease, and the domestic tabby,

at once perchance a sufferer and the common playmate of

several juvenile members of a family, may be the innocent
means of a good deal of harm. The cat may contract the

disease independently or by direct infection from a child.

It follows, therefore, that doctors and heads of house-

holds, when dealing with a diphtheria case, should keep a

watchful eye on any pets, and should banish them
from the sick room. Cows may suffer from what is

known as bovine diphtheria, a disease mainly affecting the
skin of the udders and the internal organs, such as the
kidney. Several epidemics have been traced to milk
derived from infected cattle, and from the causation of

these epidemics means can, fortunately, be taken to cut at

the root of the mischief.

I have before attributed the symptoms of diphtheria to

a poison—a toxine as it is called—developed by the
specific bacilli. If these are grown on suitable material,
such as gelatine, broths, or in milk, and some be in-

jected into an animal—for instance, a guinea pig, or horse
—the animal, presuming the dose to be sufficiently large,

will contract diphtheria. It has also been noted that the
virulence of the bacilli can be modified by growing them
at different temperatures, and by using cultivations of
different ages; and these "attenuated cultures" can be
introduced into animals without giving them diphtheria.
Further, it has been shown that if the virulence of these
cultures be gradually increased, the animals into which
they are injected may be rendered insusceptible. From
this it was argued— and the argument was suggested by a
knowledge of the bacteriology and pathology of other

B.—From a colony of

the bacillus diphtherise

(human) grown on gela-

tine.

kindred infective diseases — that in these artificially

immune animals a body was developed which neutraUzed
the action of the toxine.

Eeoent observers have shown that these immunity-
giving bodies—the antitoxin—are contained in the blood

;

and that the serum derived from the blood of these

immune animals also contains this body. The result of this

research has lately been utilized in a twofold direction. If

a small quantity, say ten or twenty cubic centimetres, of

the antitoxin serum be injected into animals susceptible

to diphtheria, and they then be inoculated with the bacillus

diphtherile, they will not (provided that the dose of the
bacillus be not too large) contract the disease, being

protected by the antitoxin. Certain limits of the toxine

dose have to be observed, as the protective influence of

the antitoxin appears to weaken somewhat in cases of

profound toxine poisoning, and this may explain some of

the apparent failures of the treat-

ment in actual practice. Never-

theless, the serum has been

successfully used as a preventitive

inoculation ia persons who are

exposed to infection, and clinical

evidence shows that such injec-

tions confer a real though tem-

porary immunity. It has also

been found that if the antitoxia

be injected in suitable doses into

a patient suffering from diphtheria,

the disease is practically cut short,

the expulsion of the membrane
rendered easy, and the dread

symptoms of collapse and paralysis

prevented or ameliorated. The fever also may be

markedly reduced. The injection appears to be harmless,

even to persons not suffering from the disease.

Enough evidence has not yet accumulated to prove that

the remedy will stand the test of time, but sufficient light

has already been shed on the subject to show that in the

antitoxin we possess a most hopeful remedy. Popular

prejudice is hard to overcome, but it may be hoped that

the remedy will be given a fair trial, and though extended

experience may suggest modifications iu the technique of

the treatment, it seems not too much to hope that experi-

mental science has at length gained an important point in

its struggle against this fell disease.

A systematic investigation of the throats of those exposed

to infection is very helpful, and in America has been

attempted on a large scale. In New York, physicians

having doubtful cases can obtain the assistance, gratis, of

public experts, who examine bacteriologically material

from the throat, and who report definitely within thirty-six

hours on the case. It is greatly to be wished that some
such State aid could be given to the medical profession in

England.
The Goldsmiths' Company, with enlightened generosity,

have given £1000 to the laboratories of the Koyal Colleges

of Physicians and Surgeons in London, in order to promote

further investigation into the nature and action of the

remedy, which has been successfully used in the diphtheria

wards of the Metropolitan Asylums Board hospitals, and

which is now being prepared at no less than five scientific

institutions in London.
Much good may be and is being daily done by rigid and

careful isolation of infected patients, by attending to the

hygiene of places where many, particularly the young,

congregate ; by seeking to give to the poor and rich alike the

blessings of light and pure air and water; but the richest

i reward will surely await those who by laborious research.
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often unrecognized by tlieir contemporaries, endeavour to

carry out to the fiUl prevention, which is better, and cure,

which is good.

We are indebted to Messrs. J. and A. Cliurcliill for their kind
permission to use tbe two foregoing illustrations, which are taken

from Stevenson and Murphy's "Treatise on Hygiene."

THE FACE OF THE SKY FOR FEBRUARY.
By Herbert Sadler, F.K.A.S.

SOME fine groups of spots have recently appeared on
the solar disc. Conveniently observable minima
of Algol occur at 9h. 26m. p.m. on the 4th ; at

6h. lorn. P.M. on the 7th ; at llh. 8m. p.m. on the

24th ; and at 7h. .57m. p.m. on the 27th.

The Zodiacal Light should be looked for after sunset in

the south-west during the absence of the Moon.
Mercury is an evening star, and is fairly well situated

for observation during the first fortnight of the month.
On the 1st he sets at 6h. 10m. p.m., or lb. 22m. after the

Sun, with a southern declination of 13° 11', and an
apparent diameter of 5f ", Tij%ths of the disc being illu-

minated. On the 5th he sets at 6h. 31m. p.m., or

Ih. 35m. after the Sun, with a southern declination of

10° 19', and an apparent diameter of Gj", yVo'^^ o^ '^^

disc being illuminated, and the planet being now at his

brightest. On the 10th he sets at 6h. 50m. p.m., or

Ih. 47m. after the Sun, with a southern declination of

7° 1', and an apparent diameter of 7J", yjnjths of the disc

being illuminated. On the 16th he sets at 6h. 46m. p. jr.,

or Ih. 22m. after the Sun, with a southern declination of
4° S3', and an apparent diameter of 8|'', -i^gths of the disc

being illuminated. After this he approaches the Sun too

closely to be observed. He is at his greatest eastern

elongation (18|°) at 5h. p.m. on the 9th, and in inferior

conjunction on the 25th. At Ih. p.m. on the 1st he is in

conjunction with Yenus, 0° 35' to the north of her ; and
again at the same hour on the 10th, 2° 38' to the north of

her. These conjunctions will afford excellent opportunities

for picking up the planet on the evenings of the 1st and
10th. ^Yhile visible Mercury describes a direct path in

Aquarius, being near the 5^ magnitude star 38 Aquarii on
the evening of the 2nd.

Venus is an evening star, and is gradually getting into

a better position for observation. She sets on the 1st at

6h. 7m. p.m., or Ih. 19m. after the Sun, with a southern

declination of 13° 46', and an apparent diameter of 10^^",

Y^o'^ths of the disc being illuminated. On the 10th she sets

at 6h. 36m. p.m., or Ih. 34m. after the Sun, with a southern

decUnation of 9° 40', and an apparent diameter of 10|^",

yVo*''i3 0^ '^^ disc being illuminated. On the 20th she

sets at 7h. 8m. p.m., or Ih. 47m. after the Sun, with a

southern declination of 4° 42", and an apparent diameter

of IO-2", x5*ot*is o^ ^^^ ^^^'^ being illuminated. On the 28th
she sets at 7h. 35m. p.m., or two hours after the Sun, with

a southern declination of 0° 34', and an apparent diameter

of lOf", Tost't's of the disc being illuminated. We have
alluded above to her conjunctions with Mercury. During
the month she pursues a direct path through Aquarius into

Pisces, but does not approach any conspicuous star very

closely.

Mars is an evening star, but is rapidly getting fainter

and smaller. He sets on the 1st at Ih. 40m. a.m., with a

northern declination of 17° 39', and an apparent diameter

of 8-0", the phase on the n f limb amomiting to 0-9".

On the 15th he sets at Ih. 27m. a.m., with a northern

declination of 19° 46', and an apparent diameter of 7 1".

On the 28th he sets at Ih. 18m. a.m., with a northern
declination of 21° 31', and an apparent diameter of 6".

He is in quadrature with the Sun on the 5th. During the
month he passes through a portion of Taurus into Aries,

being south of the Pleiades on the 19th.

Jupiter is an evening star, and is esceUently situated
for observation. He sets on the 1st at 5h. 18m. a.m.,

with a northern declination of 23° 18', and an apparent
equatorial diameter of 44-1". On the 11th he sets at

4h. 37m. A.M., with a northern declination of 23° 18', and
an apparent equatorial diameter of 42'9". On the 21st
he sets at 3h. 57m. a.m., with a northern dechnation ot
23° 20', and an apparent equatorial diameter of 41-6". On
the 28th he sets at 3h. 30m. a.m., with a northern
declination of 23° 21', and an apparent equatorial diameter
of 40-6". During the month .Jupiter is almost stationary
in Taurus, about 1J° south-east of the 5th magnitude star

132 Tauri. The following phenomena of the satellites

occur while the Sun is more than 8° below and Jupiter 8°

above the horizon :—On the 1st a transit egress of the third

satellite at 6h. 17m. p.m. ; a transit ingress of its shadow
at 7h. 9m. p.m., and its egress at lOh. 6m. p.m. On the 2nd
an occultation disappearance of the second satellite at

Oh. 9m. A.M. On the 3rd an occultation disappearance of

the first satellite at Ih. 36m. a.m. ; a transit ingress of the
second satellite at 6h. 31m. p.m., a transit ingress of its

shadow at 8h. 24m. p.m., a transit egress of the second
satellite at 9h. 8m. p.m. ; a transit ingress of the first

satellite at lOh. 52m. p.m. ; a transit egress of the shadow
of the second satellite at llh. 3m. p.m. ; a transit ingress

of the shadow of the first satellite at llh. 50m. p.m. On
the 4th a transit egress of the first satellite at Ih. 9m. a.m.,

and a transit egress of its shadow at 2h. 7m. a.m. ; an
occultation disappearance of the first satellite at 8h. 3m. p.m.,

and its eclipse reappearance at llh. 16m. 80s. p.m. On
the 5th an eclipse reappearance of the second satellite at

5h. 52m. 22s. a.m. ; a transit ingress of the shadow of the
first satellite at Ch. 19m. p.m., a transit egress of the

satellite itself at 7h. 36m. p.m., and of its shadow at

8h. 36m. p.m. On the 8th a transit ingress of the third

satellite at 7h. Om. p.m., its transit egress at 9h. 51m. p.m.,

and a transit ingress of its shadow at llh. 8m. p.m. On
the 9th a transit egress of the shadow of the third satellite

at 2h. 7m. a.m. ; an occultation disappearance of the

second satellite at 2h. 30m. a.m. On the 10th an occultation

disappearance of the first satellite at 3h. 25m. a.m., a
transit ingress of the second satellite at 8h. 56m. p.m., a
transit ingress of its shadow at llh. 2m. p.m., a transit

egress of the satellite itself at llh. 33m. p.m. On the

11th a transit ingress of the first satellite at Oh. 41m. a.m.
;

a transit egress of the shadow of the second satellite at

Ih. 42m. A.M. ; a transit ingress of the shadow of the first

satellite at Ih. 45m. a.m., and a transit egress of the

satellite itself at 2h. 57m. a.m. ; a transit egress of the

shadow of the fourth satellite at 6h. 8m. p.m. ; an occulta-

tion disappearance of the first satellite at 9h. 52m. p.m.

On the 12th an eclipse reappearance of the first sateUite

at Ih. 12m. 6s. a.m. ; a transit ingress of the first satellite

at 7h. 8m. p.m., of its shadow at 8h. 14m. p.m.
; an eclipse

reappearance of the second satellite at 8h. 27m. 44s. p.m. ;

a transit egress of the first satellite at 9h. 25m. p.m., and
of its shadow at lOh. 31m. p.m. On the 13th an eclipse

reappearance of the first satellite at 7h. 40m. 56s. p.m.

On the 15th a transit ingress of the third satellite at

lOh. 37m. P.M. The fourth satellite is in superior

geocentric conjunction at lOh. 54m. p.m. on the 2nd. On
the 16th a transit egress of the third satellite at Ih. 29m.
A.M., and a transit ingress of its shadow at 8h. 8m. On the

17th a transit ingress of the second satellite at llh. 24m.
P.M. On the 18th a transit ingress of the shadow of

the second satellite at Ih. 40m. a.m., a transit ingress of
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the satellite itself at 2h. Im. a.m. ; a transit ingress of the

first satellite at 2h. 31m. a.m. ; an occultation disappearance

of the first satellite at llh. 43m. p.m. On the 19th an
occultation disappearance of the second satellite at

6h. 8m. P.M., an eclipse reappearance of the third satellite

at 7h. 55m. 18s. p.m. ; a transit ingress of the first

satellite at 8h. 58m. p.m., a transit ingress of its shadow
at lOh. 9m. p.m. ; an eclipse reappearance of the second

satellite at llh. 3m. 8s. a.m. ; a transit egress of the first

satellite at llh. 15m. p.m. On the 20th a transit egress

of the shadow of the first satellite at Oh. 26m. a.m. ; an

eclipse disappearance of the fourth satellite at Ih. 24m. 6?.

A.M. ; an occultation disappearance of the first satellite at

6h. 11m. P.M., and its eclipse reappearance at 9h. 36m. 86s.

P.M. On the 21st a transit egress of the shadow of the

first satellite at 6h. 55m. p.m. On the 23rd a transit

ingress of the third satellite at 2h. 19m. a.m. On the

25th a transit ingress of the second satellite at Ih. 24m.
A.M. On the 26th an occultation disappearance of the first

satellite at Ih. 85m. a.m. ; an occultation reappearance

of the third satellite at 6h. 56m. p.m. ; an occultation dis-

appearance of the second satellite at 8h. 36m. p.m.; an eclipse

disappearance of the third satellite at 9h. 4m. 7s. p.m. ; a

transit ingress of the first satellite at lOh. 50m. p.m. ; an
eclipse reappearance of the third satellite at llh. 56m. 84s.

P.M. On this 'evening .Tupiter will appear to be attended

by only one satellite, the fourth, from lOh. 50m. p.m. till

llh. 57m. P.M. On the 27th a transit ingress of the

shadow of the first satellite at Oh. 4m. a.m., a transit egress

of the satellite itself at lb. Gm. a.m. ; an ecUpse reappear-

ance of the second satellite at Ih. 38m. 32s. a.m. ; a

transit egress of the shadow of the first satellite at 2h. 21m.
A.M. ; an occultation disappearance of the first satellite at

8h. 3m. P.M., a transit ingress of the fourth satellite at

llh. 8m. P.M. ; an eclipse reappearance of the first satellite

at llh. 32m. 19s. p.m. On the 28th a transit egress

of the fourth satellite at Oh. 6m. a.m. ; a transit ingress of

the shadow of the first satelUte at 6h. 32m. p.m. ; a transit

egress of the first satellite at 7h. 34m. p.m. ; a transit

egress of the shadow of the second satellite at 8h. 18m.
P.M. ; a transit egress of the shadow of the first satellite at

8h. 50m. P.M.

Saturn is an evening star, in the sense of rising before

midnight, during the greater part of February. On the

1st he rises at Oh. 34m. a.m., with a southern declination

of 11"^ 32', and an apparent equatorial diameter of 8^" (the

major axis of the ring-system being 38^" in diameter,

and the minor 12^"). On the lOth he rises at llh. 55m.
P.M., with a southern declination of 11" 32', and an
apparent equatorial diameter of 8|" (the major axis of the

ring-system being 39^" in diameter, and the minor 12^").

On the 28th he rises at lOh. 48m. p.m., with a southern
decUnation of 11' 25', and an apparent equatorial diameter
of 9" (the major axis of the ring-system being 40|" in

diameter, and the minor 12|"). Titan is at his greatest

eastern elongation at l-4h. a.m. on the 11th, and 0'5h.

a.m. on the 27th. Saturn is nearly stationary in Virgo
during February, about 2^' north-east of \ Virginis,

Uranus does not rise before midnight on the last day of

the month.
Neptune is an evening star, and is still favourably

situated for observation. He rises on the 1st at noon,
with a northern declination of 20' 54', and an apparent
diameter of 2-6". On the 28th he sets at 2h. 18m. a.m.,

with a northern declination of 20° 55'. He is almost
stationary during the month to the south-west of t Tauri.

A map of the small stars near his path will be found in the
English Mfcha7iic for September 7th, 1894.

February is not a very favourable month for shooting stars.

The Moon enters her first quarter at Oh. 16m. a.m. on the
8rd ; is full at 5h. 23m. p.m. on the 9th ; enters her last

quarter at Ih. 9m. p.m. on the Kith ; and is new at
4h. 44m. P.M. on the 24th. She is in perigee at Ih. p.m.

on the 9th (distance from the earth, 221,630 miles), and is

in apogee at 7h. p.m. on the 22nd (distance from the earth,

252,580 miles).

€^ts» Column.
By 0. D. LooooK, B.A.Oxon.

CoMMtTNioATioNs for this colnmn should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Solutions of Januarij Prohhms.

No. 1. (A. G. Fellowes.)

l.KttoBSoh. 2. P to Q4ch. 3. P to KtSch.
4. Kt to Q5ch. 5. P to B7ch. 6. Kt to Kt6ch.

Correct Solutions received from Alpha, W. Willby,
A. Louis, F. V. Louis, N. Alliston, A. Eutherford,
E. W. Brook.

No. 2. (C. D. Locock.)

1. B to QB5 and mates next move.

Correct Solutions received fi'om Alpha, W. Willby,

G. G. Beazley, A. Louis, F. V. Louis, J. T. W. Claridge,

N. Alliston, H. S. Brandreth, R. S. Lacey, E. E. Pocock,
A. Eutherford, F. H. Bolton.

E. W. Bi-dok.—^No. 2 was a two-mover.

./. T. Blnkemare.—The Queen mates at KBsq.

./. >S^ L. Kirivan.—Your problem can be solved in one
move by placing the Black Rook at QKt7 ; or in two moves
by placing it on any square in the fifth row, followed by
1. B to Kt2ch.

N. Alliston.—We fear that your three-mover has a

second solution, commencing with 1. Kt to Kt5, and a

third by 1. Kt to B2^

PROBLEM.
By A. G. Fellowes.

Black (2).

m„.

m m m m

White (10).

White mates in four moves.

The following game was played in the Dresden Inter-

national Tournament last summer.

" French Defence."
White. Black.

Ui-. Tarrasch. C. Walbi-odfc.

1. P to K4 1. P to K3
2. P to Q4 2. P to Q4
3. Kt to QB3 3. Kt to KB3
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4. B to K2
5. BxB
6. B to K2
7. Castles !

8. P to KB4 (A)

9. P to B4
10. Kt to BS !

11. B X P («0

12. Q to E4
13. P to Q.5

14. P to QKt4
15. E to Ktl (<)

16. E to Kt3 ?

17. E to Kt2
18. P to KKtS (

/)

19. KPxP
20. Et to K2 (<i)

21. Q to E3 (/()

22. E to QB2 (/|

23. E to KB2 (/)
24. PxP
25. K to Bsq
2G. KxKt
27. K to Bsq
28. K to Esq
29. K to Q2 (A)

30. B to Kt2
31. B to Q4
82. Q to E4
83. K to B8 (0
34. K to Kt2
35. E to Bsq

Notes.

(a) The objection to this otherwise strong move is that
it leaves the Queen's side very weak. Black should not
reply 7. ... P to KKtS, because of 8. P to KE4.

(*) Again best. If 8, ... P to QB4, 9. Q to E3 !,

P to KKt8, 10. PxP, followed by P to KB4.

(c) Usual in similar positions, but the safer course
perhaps is 9. Q to K2, P to B4 ; 10. PxP, QKt to B8

;

11. Kt to B3 (best), B x P ; 12. Castles (KE), &c. ; 9. Q
to Kt3 also has points.

(rf) For now we think that 11. ... Q to E4 should give
Black the advantage. Next move is too late.

(«) He would do better by 15. . . . Kt to Kt5, 16. Kt
to Bsq, B to Q2.

(/) 18. ... P to KE3, 19. PxP; PxP seems better.

Of course he could not take the Knight at once.

(g) This shuts out the Book, but he cannot play
20. ... Q to B2 on account of the check with the Queen.

4
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ARGON; THE NEWLY-DISCOVERED CON-

STITUENT OF THE AIR.

By Geoege McGowan, Ph.D.

THOSE votaries of science and others who were
privileged to take part in the meeting of the Royal
Society, which was held in the theatre of the

University of London on January 31st, will look

back upon the day as a red-letter one in their lives.

As another writer has already remarked, the scene at the
meeting—crowded as that was with so many who have
made a name for themselves in the scientific world—was
in many respects unique, and it will certainly be historical.

This meeting, as it fitly happened, was the first to be held
under a new rule of the Society, passed by the Council last

session, whereby not more than four meetings in any one
year are to be devoted to the hearing and consideration or

to the discussion of some one important topic, and it was
the first to which the general public and reporters were
admitted. On that day Prof. William Ramsay read to

the Society the paper by Lord Rayleigh and himself upon
" Argon," the newly-discovered constituent of air, a com-
munication which had been looked forward to with intense
interest ever since the meeting of the British Association

at Oxford last August, when Lord Rayleigh made a verbal
statement about the new gas on behalf of his colleague and
himself. The effect of that statement upon the audience
at Oxford may be better imagined than described. It
seemed incredible that we should be hearing to-day for the
first time of a gas which constitutes something like one
per cent, by volume of the air we breathe, and that its

presence should have been overlooked by chemists and
physicists all these years. But no one can now have a
shadow of doubt that such has really been the case, and
that a new constituent of the atmosphere—whether
elementary or a mixture of two or more elements remains
to be decided—has been brought to light. Hitherto it has
lain hidden among the nitrogen of the air, and has been
reckoned as part of that nitrogen.

It may not be without interest to the readers of
Knowledge to turn back for a few minutes to the history
of the discovery of the two main constituents of air,

nitrogen and oxygen (leaving out of account the water
vapour, carbonic acid, and the small quantities of other
substances found in normal air), before proceeding to the
consideration of the new gas. The first observation which
aided in overthrowing the old assumption that the air was
a simple substance was the noting of the efiect upon an
enclosed volume of air of burning a combustible substance,
or of heating certain metals in it. This led Robert Boyle,
so long ago as the latter half of the seventeenth century,
to the conclusion that one ingredient of the air was
necessary to respiration and combustion, and to the calcina-
tion of the metals, although neither he nor his contem-
porary Mayow (who came pretty near to the true
interpretation of combustion) was able to isolate it. The
disputed question as to whether atmospheric air was a
simple substance or a mixture was finally solved experi-
mentally by the chemists of the phlogistic era, more
especially by Scheele and Priestley, but it was left to
Lavoisier to put the proper interpretation upon the results
which they had obtained. Nitrogen was first isolated by
Scheele, although Rutherford, Professor of Botany in the
University of Edinburgh, working independently, obtained
it from the air in 1772, and published the record of his
experiments before Scheele did. Again, with regard to

oxygen, we now know from papers which have quite
recently come to light," that Scheele succeeded in isolating
oxygen in 1771-1773 from several different compounds
(peroxide of manganese, nitrates, red oxide of mercury and
oxide of silver), and characterized it thoroughly ; while
Priestley, also working independently, first isolated it for

certain (from red oxide of mercury) in 1774. The latter,

having published his results prior to Scheele, has hitherto
been regarded as the discoverer of oxygen. By this im-
portant discovery both of those chemists were in a position
to recognize air as a mixture of gases. In 1785 Cavendish
read a paper entitled "Experiments on Air "t before the
Royal Society, in which he proved the identity of " phlo-
gisticated air" (nitrogen) with the constituent of nitric

acid ; this last he showed to be formed when a series of
electric sparks was passed through a mixture of nitrogen
and oxygen contained in a tube closed at one end, soap lees
(('.('. caustic potash) being used to absorb the acid vapours
as they were produced. In those experiments, which
extended over many days and which were of necessity made
with a very small quantity of material. Cavendish observed
that, after all the oxygen and nitrogen m the tube had
been used up, a slight residue of gas (not exceeding the

E. TOn Meyer's History of Chemistry, Second German

also repiib-

• See
Edition.

t I'hilosophical Transactions for 1785, Vol. LXXV
lished in the Alemhic Club Reprints, No. 3.
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^J-gth part of the nitrogen employed) remained unabsorbed,
and this led him to surmise the possible existence of still

another constituent in the atmosphere. The passage in

Cavendish's paper which relates to this is so important
that it was quoted by Lord Eayleigh and Prof. Eamsay at

full length, and it is reproduced here for the benefit of

those who are curious with regard to the history of the

subject. It runs as follows (for phlogisticated air read
nitrogen, and for dephlogisticated air read oxygen) :

—

"As far as the experiments hitherto published extend,

we scarcely know more of the phlogisticated part of our
atmosphere, than that it is not diminished by lime-water,

caustic alkalis, or nitrous air ; that it is unfit to support

fire, or maintain life in animals ; and that its specific

gra^'ity is not much less than that of common air : so

that, though the nitrous acid, by being united to

phlogiston, is converted into air possessed of these

properties, and consequently, though it was reasonable to

suppose, that part at least of the phlogisticated air of the

atmosphere consists of this acid united to phlogiston, yet

it might fairly be doubted whether the whole is of this

kind, or whether there are not in reality many difl^erent

substances confounded together by us under the name of

phlogisticated air. I therefore made an experiment to

determine, whether the whole of a given portion of the

phlogisticated air of the atmosphere could be reduced to

nitrous acid, or whether there was not a part of a different

nature from the rest, which would refuse to undergo that

change. The foregoing experiments indeed in some measure
decided this point, as much the greatest part of the air let

up into the tube lost its elasticity
;

yet, as some remained
unabsorbed, it did not appear for certain whether that was
of the same nature as the rest or not. For this purpose I

diminished a similar mixture of dephlogisticated and
common air, in the same manner as before, till it was
reduced to a small part of its original bulk. I then, in

order to decompound as much as I could of the

phlogisticated air which remained in the tube, added some
dephlogisticated air to it, and continued the spark till no
further diminution took place. Having by these means
condensed as much as I could of the phlogisticated air, I

let up some solution of liver of sulphur to absorb the

dephlogisticated air ; after which only a small bubble of

air remained unabsorbed, which certainly was not more
than yl-j of the bulk of the phlogisticated air let up into

the tube ; so that if there is any part of the phlogisticated

air of our atmosphere which differs from the rest, and
cannot be reduced to nitrous acid, we may safely conclude,

that it is not more than J^ part of the whole." .

The above passage serves to throw in clear relief the
marvellous gift of observation and experiment by which
Cavendish was distinguished. There can thus be no doubt
that he actually separated from the nitrogen of the air,

and had in his hands a minute quantity of the new gas, but
more than a century was to come and go before anything
further was to be heard about it. The experimental
facilities which Cavendish could command were so primitive

that we can only marvel at his having made this observa-

tion, and not at his carrying the matter no further. But
why, it may be asked, was a century and more allowed to

pass before the thread was again taken up, and argon
discovered '? This no doubt arose in part from the fact that

comparatively few chemists were aware of Cavendish's
surmise, while those who were aware of it neglected to

give it its proper weight, on the assumption that Cavendish
was mistaken in his experiment and deductions ; and
further, as we shall see presently, the experimental
diiSculties to be overcome were of necessity very great.

It is not my purpose to enter into minute detail with

regard to the discovery and the investigation of argon.

I shall merely touch here on some of the more salient

points. The observation which ultimately led to the

discovery of the new gas was one made by Lord Eayleigh,

who had been engaged for a long time in re-determina-

tions of the densities of various gases, including nitrogen,

those determinations being made with all possible

precautions, so as to reduce experimental errors to the

lowest practicable limit. He observed that the nitrogen

prepared by various methods from different chemical
compounds (nitric oxide, nitrous oxide, ammonium nitrite

and urea) was lighter than atmospheric nitrogen by about

half a per cent., under equal conditions of temperature
and pressure ; or, to put the matter in other words, he
found that two hundred and thirty volumes of atmospheric
nitrogen weighed as much as two hundred and thirty-one

volumes of "chemical" nitrogen.'' This discrepancy in

weight was so unlooked for that he at first attempted to

account for it on the supposition that there had been
contamination of the nitrogen in question with some other

gas, or that there had been a partial dissociation of the

nitrogen molecules into atoms. But these hypotheses
having been put to the test of actual exjieriment without

result, it was felt that the only remaining explanation must
lie in one of the two nitrogens being a mixture of gases,

and that in all probability it was the nitrogen of the air.

Prof. Eamsay now joining forces with Lord Eayleigh, they

set to work upon a rigorous search for the suspected gas,

and after much arduous and patient labour on many
different lines, their efforts were crowned with success.

A variety of methods were tried in order to isolate the

gas, but of these we need only mention three here, the first

two being found to answer well : (1) Cavendish's old

method on an immensely larger scale, or, to speak more
correctly, at a rate of combination of the oxygen and
nitrogen far beyond what was possible with Cavendish's

appliances, the highest rate yet attained being about three

thousand times that of Cavendish. This method, it will

be remembered, was to go on passing electric sparks through
a mixture of atmospheric nitrogen and excess of oxygen
contained in a vessel inverted over a solution of caustic

alkali, the gases being fed in alternately as required.

After no further diminution in volume took place on
continued sparking, the excess of oxygen was absorbed by
alkaline pyrogallate, and there remained a residue of a gas

whose spectrum showed it to be neither nitrogen nor
oxygen. (2) Atmospheric nitrogen was passed backwards
and forwards from one gas-holder to another over red-hot

magnesium turnings contained in combustion tubes,

whereby the nitrogen was somewhat slowly taken up as

magnesium nitride, while there remained a residue of

unabsorbed gas. This, like the sparking, was a very

tedious operation, and necessitated the use of a some-
what compUcated series of tubes containing soda-lime,

phosphoric anhydride, red-hot copper, and red-hot copper

oxide, in order to get rid of every trace of other possible

gases, the whole arrangement being worked by a Sprengel
pump. During the first stage of the absorption large

gas-holders containing water were used, and finally,

after most of the nitrogen had been absorbed, smaller gas-

holders containing mercury. Both of these methods (1)

and (2) were found suitable for the preparation of argon
on a large scale, i.e., in quantities of a litre or more at

a time. In their paper the authors enter minutely into

the various steps of the operations, and detail all the

precautions which they employed so as to insure getting

the argon pure. (3) The third method to which we have

* Eoi/al Society.1 Proceedings, LIU., 134 (1&93); LIV., 340 (1894).
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alluded, and which yielded interesting qualitative though
not quantitative results, was Graham's method of diffusion

or atmolysis. Every student of chemistry and physics

knows that when a mixture of two gases of different

densities is made to pass through a finely porous material,

such as the walls of a common clay pipe, the lighter gas

passes through the pores, or diffuses, more rapidly than
the heavier ; the rates of diffusion being inversely as the

square roots of the densities of the gases. To give an
example, oxygen has a density sixteen times as great as

hydrogen. When a mixture of those two gases is made to

diffuse through the walls of a clay pipe, or a cylinder of

unglazed earthenware, it is found that four volumes of

hydrogen pass through for one volume of oxygen. The
experiment can be tried very easily- with coal gas and air,

the former being, of course, the lighter of the two. By this

means the slower diffusing portion of atmospheric air was
found (after removal of the oxygen by red-hot copper) to

have a density greater than that of ordinary atmospheric
nitrogen, and that to an extent beyond the limits of experi-

mental error. This, of course, leads to the conclusion

that atmospheric nitrogen is a mixture of gases. It should

farther be mentioned that "chemical" nitrogen was treated

by methods (1) and (2), i.e., sparked with oxygen and
passed over red-hot magnesium, in exactly the same
manner as the atmospheric nitrogen had been, but in

neither case was more than a trifling amount of argon
obtained, an amoimt readily accounted for by errors of

experiment. We have in this a definite proof that argon
is not present in the nitrogen obtained from chemical
compounds.

There has, of course, not been time yet to make a full

investigation of the properties of argon, although much of

interest in this respect has already been done. A number
of determinations of its density have been made, which
show this to be 19-9 (hydrogen = 1). A calculation made
by the discoverers on the assumptions (1) that the accu-

rately-known densities of atmospheric and of chemical
nitrogen differ only because of the argon present in the

former, and (2) that during the sparking with oxygen
nothing excepting nitrogen is oxidized, gave the figure

20'6 as the theoretical density. The difficulty in deter-

mining the density of the new gas accurately is to make
sure that every trace of nitrogen has been removed. The
sample of density 19-9 showed no spectrum of nitrogen
when examined in a vacuum tube. Even if this figure

should have to be amended slightly, it is obviously very

near the truth. Argon is thus nearly half as heavy again
as nitrogen, whose density is 14.

The spectrum of argon was examined by Mr. Crookes,

the well-known authority on spectroscopy, who himself read

a short supplementary paper upon this at the meeting.
He found that it resembled nitrogen in that it gave two
distinct spectra, according to the strength of the induction

current employed. But while the two spectra of nitrogen

are different in character, one showing fluted bands and
the other sharp lines, the argon spectra both consist of

sharp lines. Under certain conditions of working the
spectrum is rich in red rays, and imder other conditions

in blue. Mr. Crookes was able to take photographs of

the two spectra of argon, partly superposed, when their

dissimilarity was readily seen. He further found that no
other spectrum-giving gas or vapour yielded spectra at all

like those of the new gas. Judging from the spectra,

therefore, he gave it as his opinion that argon was not
improbably a mixture of two or more gases (a contingency
which had hkewise been foreseen by Lord Eayleigh and
Prof. Ramsay from their own observations), one of those

gases glowing red and the other blue, and each having its

own distinct spectrum. On the other hand, it must not be
forgotten that some elementary gases with which we are

well acquainted, e.;/., nitrogen, also possess two distinct

spectra. So far, therefore, as spectroscopic work can
decide. Lord Rayleigh and Prof. Ramsay have added one, if

not two members to the family of elements.

The behaviom- of argon at very low temperatures was
investigated by Prof. Olszewski, of the University of

Cracow, who has made a special study of this branch

of chemistry. He found, among other things, that its

freezing point is —189-6° C. and boiling point —187° C,
while the density of liquid argon at the boiling point is 1-5

approximately (water =1). It is interesting to note here

that the density of liquid oxygen is only l-12i. Argon
thus belongs to the so-caUed permanent gases, and its

behaviour on liquefaction places it nearest to oxygen, which
boils at —182-7= C.

From the ratio of the specific heat at constant volume

to that at constant pressure, the discoverers have come
to the conclusion that argon, like mercury vapour, is a

monatomk gas ; its atomic weight is therefore about 40 {i.e.,

19-9 X 2). This raises, however, some very difficult points,

which require fui-ther working out ; for, as Lord Rayleigh

himself said towards the close of the meeting, the mona-
tomieity of a gas is a subject about which we know
exceedingly little, mercury vapour being the only other

monatomic gas known.
Argon dissolves in water to the extent of about four

volumes in one hundred of water at the ordinary tempera-

ture. Its solubility is thus much the same as that of

oxygen, and about two and a half times as great as that

of nitrogen. It has therefore been found, as was to be

expected, that the dissolved "nitrogen'' from rain-water is

relatively more than twice as rich in argon as atmospheric

nitrogen is.

All attempts to induce the new gas to enter into

chemical combination with any other element h-ave up to

the present proved abortive—hence the name given to it

—

argon or idle. It does not combine with oxygen in presence

of alkali under the influence of the electric discharge, nor

with hydrogen in the presence of acid or alkali, or when
sparked, nor with phosphorus or sulphur at a bright red

heat. Tellurium, sodium and potassium may be distilled

unchanged in a current of the gas. It is unaffected by

passing it over red-hot caustic soda, soda-Ume, potassium

nitrate, sodium peroxide, the persulphides of sodiurn and

calcium, nascent silicon and nascent boron. Platinum

black and platinum sponge do not absorb it, and wet

oxidizing and chlorinating agents—such as permanganate

of potash and aqua regia—are entirely without action

upon it. Experiments are in contemplation to see if it

will combine with fluorine, the most active, in a chemical

sense, of all the elements. These present, however,

exceptional difiiculties, and time will be required to carry

them out. An attempt will also be made to produce a

carbon arc in the gas. Under other conditions argon

may yet be found capable of entering into chemical

combination with some of the other elements, for, as the

authors pointed out in their paper, it is comparable at

the ordinary temperature with mercury vapour at about

800= C, and the compounds of mercury are by no means

stable at a high temperature in the gaseous state.

In summing up the arguments which have been already

advanced in favour of argon being a new substance, Lord

Rayleigh and Prof. Ramsay call further attention to

the poSit that it is in the highest degree miprobable that

two processes so diff'erent from one another should manu-

facture the same product, whereas the explanation is

simple if it be granted that these processes merely eliminate
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nitrogen from an atmospheric mixture. Again, a mona-
tomic gas can only be an element, or a mixture of elements ;

hence it follo'n-s that argon is not of a compound nature.

Some of Prof. Olszewski's results point strongly to

argon being a single element ; on the other hand, Mr.
Crookes' spectroscopic work is in favour of its being a

mixture. On the whole the discoverers are inclined at

present to regard argon as one elementary substance, but
they are careful to state that this opinion is merely
tentative, and maybe overset by subsequent investigations.

There is only one other point to which we would refer

here. If argon should ultimately prove to be a mona-
tomic gas with an atomic weight of about 40, there would
then be no place for it in Newlands and Mendeleeffs
" Periodic System of the Elements," the greatest

generalization of modern chemistry ; the " Periodic

Law," which has already done such wonders towards the

discovery ofnew elements, would, therefore, require revision.

On the other baud, should argon prove to be a mixture of

two or more elements, these might quite conceivably fill

up gaps in and conform to the periodic system. But it would
be premature to speculate further upon this point until we
have more actual knowledge of the new gas. What
strikes one forcibly in reading the abstract of the paper is

the great number of important issues which it suggests for

further investigation. And who knows but that in time
the gas may fill an important industrial role—may be
doing so just now, in fact, for anything we can tell to the

contrary '? Prof. Roberts Austen made a suggestion of

this nature with regard to the possible part played by argon
in the manufacture of Bessemer steel.

One thing, so far, is certain, viz., that a gas, be it one
element or a mixture of two or more, which has eluded
discovery for the past hundred years, is now made known
to us. And there can be but the one opinion that this

discovery, the result of so much patient and far-sighted

investigation, will take its place in the history of science

as one of the most brilliant achievements of our day.

A MYTH OF OLD BABYLON.
By Theo. G. Pinches, M.R.A.S.

Di'/mrtment of Egyptian and Assyrian Antiquities, British

Museiim.

THE literature of Assyria and Babylonia has of late

years received such remarkable additions, that it

promises to be an inexhaustible storehouse of
information as to the ancient life of the East,
among the Semites, and the most important

thing for the early history of the civilization upon which
that of to-day is foimded. The discoveries of Layard and
Rassam, mostly at Nineveh, resulted in the finding of

twenty thousand fragments of tablets, to which later

excavations have added a few thousands more. Sixty
thousand fi-agments were the result of Rassam's excava-
tions at Abu-abbah (Sippara), Babylon, and other places,

and the French and Americans have since made very
successful excavations at Tel-loh (Lagash) and i-'ifi'er

(Nippur). The durability of the material employed (baked
and imbaked clay) makes it extremely probable that the
large collections of tablets which exist in the various great
museums of Europe and America will be enormously
supplemented as time goes on. The remarkable discovery
of letters from Palestine, Tyre, Sidou, Babylon, and else-

where, at Tel-el-Armana, in Egypt, eight years ago, forms a
most important addition to our store of documents bearing
on the history of the ancient East.
Though the number of fragments of legends i.s com-

paratively small, it is easy to see, from the care with

which these texts are generally written, that they were
thought much of by the ancient inhabitants of Assyria and
Babylonia. Unfortimately, all, or almost all, are in a very

incomplete—not to say fragmentary—state, but this is a

defect that will probably be removed as time goes on, and
discoveries bring to light the missing parts.

Probably the most complete of the myths of old Babylon
is that which relates the descent of the goddess Istar into

Hades. It has often been published, the first attempt
having been made by the well-known scholar and scientist.

Fox Talbot, in I860. Later, Mr. George Smith, having
recognized and joined on the missing fragment of the

legend, published an almost complete translation of the

text in the Daily Tt'leynijili of August 19th, 1873.

Lenonnant, Scbrader, Sayce, and other scholars, have also

furnished renderings of this highly interesting legend.

It is possible that some of the readers of Knowledge
may be unacquainted with the drift of the story. Istar

goes down to the land of Nugia (" No-return "/ demanding,
with threats, admission to that region. The porter

goes to Eres-ki-gala, the queen of Nugia, for instructions,

and she tells him to admit the goddess Istar, but to do to

her according to his former instructions. Istar then

passes through the seven gates of Hades, led by the

porter, who takes away from her, at each gate, a part of

her clothing and jewels, from " the great crown upon her

head" to "the garment of the nakedness of her body."

At each gate she asks him why he has taken the jewel or

.:=* -.2^--;S'i<_

Istar staiKling on an Animal, with a Priest worsUippinc: before her.

the garment, as the case may be, away ; but his only

answer is " Enter, lady, for these are the commands of

the lady of the land."

After Istar's arrival in Hades, Eres-ki-gala saw her, and
a \'iolent quarrel (to use comparatively mild language)

ensued, ending in the queen of Hades calling up Namtar
(the spirit of fate), her messenger, whom she commanded
to strike Istar with disease of the eyes, sides, feet, heart

and head. The result of Istar's absence from earth began,

however, after a while, to make itself felt, for neither

animals nor mankind fell in love any longer, and " the great

gods," having heard of the state of affairs, resolved to take

action in the matter, the outcome being that the god £a
created a monster called " Uddusu-namir, the assinnu,'' a

creature apparently having many heads, whom Eres-ki-

gala, the queen of Hades, was at first inclined to resist,

and against whom she uttered threats of imprisonment,
accompanied by various indignities— threats which seem
to have been all in vain, because of the divine powers
with which I'ddusu-namir, the messenger of the gods,

had been endowed. This being the case, she judged it

prudent to yield, and sending for Namtar, her messenger,

again, she commanded him to bring forth a genius called

Anunnaki—a spirit of the earth—who, when he came, gave

to Istar, at the command of Eres-ki-gala, the waters of

life, and, leading her again through the seven gates of
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Hades, returned to her her garments and jewels, beginning

witli " the robe of the nakedness of her body," and ending

with "the great crown of her head." The end of the

inscription consists of a lamentation for Tammuz, her

spouse, whom she had failed to release, and had left in the

gloom of the Underworld. " Sprinkle thou the glorious

waters, [pour thou out] the sweet oil for Tammuz, the

husband of [my] youth," she seems to say, and then

she appears to call upon her worshippers, and the male

and female mourners who mourned for Tammuz, to play

for her " the flute of lapis-stone," upon the day of

Tammuz, whom she affectionately calls her brother—" my
only brother"— as was the custom in Babylonia iu ancient

times."-

Such is the story of Istar, daughter of the god Sin,

when she descended into Hades.

.-<-M<< is the monogram for the god Sin (the moon) as

god of the thirty (<<< = XXX) days of the month.

Another legend referring to "the daughter of Sin,"

however, has recently come
to light. Unfortunately, it is

very imperfect, but sufficient

remains to make it a literary

fragment of great interest.

What we have of it is inscribed

on a piece forming the lower

part of the obverse and the

upper part of the back of a

large tablet of baked clay found

by either Layard or Rassam at

Nineveh. When complete,

this document must have con-

tained four columns of writing,

in the Babylonian cuneiform
character, of about sixty lines

each. Of these possible two
hundred and forty lines, how-
ever, only eighty-two remain,

many of them very incomplete,

and as the text is given in two
languages, Sumerian and Se-

mitic Babylonian, the portion

of the legend which remains
is, as may be imagined, a

mere fragment, though, from its

regarded as an important one.

In the first column (which has only fifteen incomplete

lines—that is to say, eight real lines, when we take into

consideration that the text is bilingual), the heroine (for

it is she who seems to be the narrator) tells of some person

who caused evil, who had plundered the land, and who had
carried ofl' "the fair son." This person seems to have
prevented something from being completed (perhaps the

temple of the city), and, judging from the remains of the

inscription in that place, the person spoken of seems to

have imprisoned one of the inhabitants of the land, and
caused others, possibly his own followers, to settle in the

region.

The fracture of the tablet has broken away the upper
part of column II. Where the text becomes legible, the

heroine is speaking of a journey made in a ship, and of

the treatment she had received at the hands of " the

enemy "—apparently the person spoken of in the first

column as having spoiled the land, and carried ofi' " the

* " Brother " and "sister" seem to liare been given as tenus of

endearment even to such as were not of that relationship. Thvis a
father would call Lis son AJchia, *' My brother," and the name
Akhat-abi-sa, " Her father's sister," is also found.

fair son." As this part of the text is fairly complete, and
very poetically written, I give it here in the words of the
original ;

—
" I rode in the ship.

It was the enemy !—The shoe was placed upon liis foot, and he
descended to my sanctuary

—

It was tlie enemy !—He laid his unclean hands upon me,
He laid his hands upon me, and he drove me forth.

It was the enemy !—He laid his hands upon me, and made me bow
down in fear

I was in trouble, and as for him, he feared me not

—

He tore my clothes off fro.n me and clothed therewith his wife.

It was the enemy!—He plucked off from me my lapis-stone, and
gave it to his daughter.

I will make desolate his domain !

[As for?] myself, I will seek (desertf) places.

[In] my [refuge] he has worried me, he lias disturbed me iu my
enclosed place."

Column III.

'' Like a lonely (?) dove I rest upon a beam—
Like a wounded (?) xndinniiAnnX I perch in a Imllow place.

n

, >*/r"i '**i^ 1^- /-%* **i^ \.^
i.. i

<

Fragment of a Tablet in the Babylonian Character from Nineveh

natiu-e, it must be

(Obverse.)

He frighteneth me like a bird in my house—
He frigliteneth me like a bird in my city.

My house behind me constantly repeateth (that)

' I'am tlie lady '—My city bchiiid me constantly repeateth (the same).

I have said thus to my house :
' Thou art not my house '

—

I have said thus to my city :
' Thou art not my city."

' I will not enter it,' I said, ' for its magnificence will eat me up.'

'I will not ap[proach] it,' I said, 'for its lamentation will make me
sad.'

"

(The enemy then seems to say :—

)

" Like the ground, thus hast thou destroyed it, thus hast thou ruhjcd

thvself I-
Ladv, thus hast tho\i destroyed thy sanctuary, thus hast thou ruuied

thyself
[thou] hast given.

'

An extensive gap follows, and then we have some frag-

ments of lines of column IV., in which the heroine asks :

" Who hath driven forth the darling of mine eye .' Who
hath overthrown [my sanctuary] '? I am [the honoured

one •?] of the god Bel ; I am [the beloved ?] of my father

Sin ; I am [the handmaid ?] of the god Ba. [My lord]

hath taken away, my king hath taken away

he hath caused to be taken away I will

f Perhaps, however, " (holy) places " are meant.

t I.e. : "Level with the ground, thus hast thou destroyed it, and

in like wise hast thou ruined t)\yself,' ' &c.
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give .... I will have it made I

will have it made firm . . . .

"

ttl>H-y ^— <^ is the ideograph for Istar as Delebat or
Dilibat (the planet- Venus), transcribed Delephat or
Belebatos by the Greeks.

Such is the legend of the Lamentation of the Daughter
of the god Sin, when her beloved was taken away from
her, and she herself was stricken, driven forth, stripped
naked, and reproached in her trouble—she, the honoured
one of the gods, the beloved of her father Sin.

These two legends, or versions of a legend, present to
U3 at first hand what the Babylonians of the oldest times
beheved concerning the myth of Adonis and Aphrodite.
Many will probably remember the Greek story—how the
young husband of that goddess went hunting, and was
killed by the tusk of a wild boar, the type of winter.
Aphrodite or Venus could not, however, give up her
beloved, with whom the goddess of the infernal regions,
Persephone, had also fallen in love, and would not let him
go forth again from her realms. It was, therefore, decided
that he should spend six months in the lower regions, and
six on earth* with his beloved Aphrodite. Adonis typified,

to the hero Gilgames. It was apparently recognized, even
in those remote ages, that the goddess of love had much
to answer for.

The lamentations for Tammuz were one of the principal

features of his worship. At Byblos, or Gebal, m Syria,
and elsewhere, a yearly festival, which was held by the
women, took place, when the river ran red with the soil

washed down from Lebanon by the autumn rains. This
red colour of the water was said to be caused by the blood
of the slain Adonis, whom the women then sot out to seek,
and a figure having been found which they regarded as
his body, funeral rites were performed as wild, it is said,

in their nature as the rejoicings at his resurrection were
licentious. The following translations will give an idea of
the lamentations for Tammuz used in Babylonia and
Assyria :

—

" GUBBA, EN, DUMUZI.
"Sheplierd, lord, Tammuz, husband of Istar,

Lord of Hades, lord of the shepherd's abode

;

Seed which in the furrow has not drunk the water.
Its stalk in the desert has not brought forth flower;
Braneh which in its bed has not been planted.
Branch whose root has been removed

;

Grrain which in the furrow has
not drunk the water." . . .

4^
T

4.>

4- rr-.iti^

/

•r/ 'l^l

\!n:j,AJ^jtratil
.'4*4.-

(The remainder wanting.)

"Al-DI, GtADAN-GIX, GrUErSAMEN.
" Arise, and go, O hero, the road

of uo-retnrn.

Go, go, to the bosom of the eartli

!

lie IS revealed, revealed, to the
land of the dead

—

To those tilled with grief— on the
day he fell and was in distress.

In an unlucky mouth of his year!
To rhe road of the end of man

—

Tot,herising-(place ?) of tlielord

—

O Hero (thou wentest) to the
remote land which is not seen."

Fragment of a Tablet, Nineveh. (Reverse.)

therefore, the vegetation of the ground, which for half of
the year is jractically dead, and for the other half grows
and bears fruit.

ty?y is one of the usual monograms for Istar or Venus.
'' As has been already mentioned, Istar is the same as
Venus or Aphrodite, and Tammuz, her beloved, is Adonis,
" the fair son." The enemy, who carried him ofi', who
spoiled the land, and who did not even spare the goddess
herself, is death personified. The voyage of the goddess
in a ship seemmgly typifies the crossing of the river of
death. The enemy, who, like the " porter of the waters

"

in the " Descent of Istar," took away all her garments and
the jewel which she prized, is a type of " the king of
terrors," for when we accompany him we must leave all

behind, even that which we prize the most.
The reproaches which seem to be addressed to the

goddess in column III. of the bilingual version, where it

is said that it is she who has destroyed her home and
sanctuary, and ruined herself, are hard to understand,
unless we suppose that the ancient world regarded the
misfortunes of the goddess as the well-merited punishment
for her many sins, as told in the story of her love-making

V

The first quotation, which
is incomplete, seems to be a
poetical description of Tam-
muz, who was a shepherd, and
the husband of Istar. Having
been stricken down in the

bloom of his youth, he is

>-^ likened to plants and seeds

which have failed to come to maturity from some accident

of their existence. This simile was probably suggested by
the fact that he was god of vegetation. The second quota-

tion is a lament that he has gone down to Hades, and is

rather difficult to translate here and there, as even the

Semitic Babylonian scribe has foimd. \

The following incantation for purification speaks also of

Dumuzi, or Tammuz, as " the shepherd," and mentions
his "pure fold." It is interesting as showing another

phase of the veneration of this god :
—

"EN: Ga-UZ-SI&SIGOA.
" Incantation ; The milk of a yellow goat which has been brought

forth in the pure fold of the shepherd Tammuz

—

Let him give thee the milk of the shepherd's goat with his pure hands
Mix it within the skin of a suckling shegoat undefiled

—

Let Azaga-su give (him) to drink the sublime goat-milk of Bel witli

his pure hands.

Merodach, the child of the city Eridu, has given the incantation

—

Nin-akha-kuddu, the mistress of the sparkliog water, will purify him
and make him clean.

* Another account divides the year of Adonis into three periods of
four months, one to be spent with Aphrodite, one with Persephone,
and the third to be at his own disposal.

(The above is) the charm of the milk of the yellow goat, and the

food in the un[defiled] suckling's skin.

t These oldAkkadian (or Sumerian) inscriptions wcreapparently trans-

lated into Semitic Babylonian (Assyrian) at a comparatively late date.
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The name of Tammuz occurs also in other incantations,

in one of which he is called En-mirsi, fi'om which it may
be surmised that he was patron-god of Lagash, an ancient

city upon the Shatt-al-Hai, at present known as Tell-loh,

from which site M. de Sarzec obtained many fine and very

remarkable sculptures, now in the Louvre. One of the

(bilingual) lists of gods mentions a deity called " Tammuz
of the Abyss," with the explanation that he was one of

the six sons of £a, the god of seas, rivers, and of un-

fathomable wisdom. Taking this in connection with the

first extract from the lamentations for Tammuz (quoted

above), where he is called " lord of Hades," it would seem

that he was really regarded as the consort of the queen of

that region during his yearly six months' stay in " the

land of the dead.
"

Planners and customs have changed much in " the

changeless East " since the legend and lamentations for

Tammuz, translated above, were written.* The spread of

Christianity and Jlohammedanism was the death-blow to

all the legends of the ancient gods—they live again only by

the resurrection of the ancient literature of Babylonia and
Assyria. Women no longer seek

the body of " the faithful son,"

near Gebal, and lament his un-

timely death ; and the temple of

Yahwah at Jerusalem, in which
holy place Hebrew women of old

imitated their sisters of Syria,

exists no longer. The land of

Akkad, where the legends, lamen-
tations and incantations referring

to Tammuz seem to have had
their origin, is no more ; and the

two towers of Agade, its capital,

which were dedicated to Tam-
muz, probably fell into ruin years

before the Christian era. With
Sumerian legend of the lament

suggested the fierceness and valour of the god of war, the

ever-open eye would be no bad symbol of the vigilance

which, next to courage itself, should be the characteristic

of tlie soldier.

It is, however, not worth while complaining of the loss

of the more poetic name. It would have been hard to

have constructed an entire nomenclature for the planet on
accordant lines, and in view of the vast array of detail

which Schiaparelli has brought imder our notice, and of

the necessity for some system of names, we may well

gratefully accept Schiaparelli's, even if it be a trifle

bizarre.

The " Lake of the Sun " then—the " Eye " of Mars-
is a nearly circular dark spot, some 17' of areographical

longitude in its greatest length, by about 14° of areo-

graphical latitude in its greatest breadth, say 560 mUes by
510 miles. Thaumasia, the bright district in the centre of

which it is placed, is nearly 1200 miles in diameter. In

actual area, therefore, the Lake of the Sun is nearly

twice as large as the Black Sea, whilst Thaumasia is

about as large as Arabia.

Fig. 1.—Thi>"Eve" uf lliirs. as (Iravra in 1830, 1S62, and 1S77. From FlamiuM-ion's " Mar?," p. 323.

regard to the beautiful

of the daughter of the

Moon-god, whose disrespectful enemy, with "the shoe

on his foot," despoiled her of all she liked best, we
must wait for the completion of the text from the ruins of

Nineveh ; and perhaps the cities of Babylonia may yield

treasures in the shape of duplicates that will fill the gaps.

Even though this, however, should never take place, the

preservation of the fragment now translated is, even in its

present incomplete state, a thing to rejoice over.

THE "EYE" OF MARS.
By E. W.\LTER Maundee, F.R.A.S.

ONE of the most interesting and most easily recog-

nizable markings of Mars is the nearly circular

spot which, in the earlier days of the study of the

planet, was known as the " Oculus." A more
suitable name could not well have been chosen

for it, for the dark spot Hes in the centre of a slightly

elliptical bright district, and above this to the south

another dark district forms an admirable eyebrow. The
name, has, however, dropped out of use, having been
superseded by the various names adopted by successive

areographers. Thus, Proctor in his chart of 18G7 calls it

" Lockyer ,Sea " ; Green in his map of 1877 calls it

" Terby Sea "
; and Schiaparelli has given it the name of

the " Lacus Soils." Yet surely the earlier name was not

only appropriate to the appearance of the marking itself,

but suited well with the mythological and astrological

traditions attaching to the planet. If the ruddy hue

* Probably before the date of Sargon of Agade—that is to say,

earlier than 3800 years before Christ.

It is very necessary for us to bear these dimensions in

our minds, for we are otherwise apt to lose the true signi-

ficance of what we observe on oiu- planetary neighbour.

The average diameter of the Lake of the Sun when Mars is

at opposition is just 2" of arc ; in a favourable opposition,

when the southern pole of the planet is turned towards

the earth, and we therefore see the lake to best advantage,

its diameter is 2V .

Usually, then, ft is seen as a dot—a dot sufficiently large

to be seen as such with quite a small instrument and a low

power, but a dot that requu-es unusually good conditions

and a high power to give much information as to the

details of its structure.

We see it in its simplest form in the left-hand drawing

of Fig. 1, which, like the woodcuts which follow, is repro-

duced from M. Flammarion's superb monograph, " La
Planete Mars." This drawing forms part of one made by

Beer and Miidler on October 13th, 1830, in the course of

that study of the planet which enabled them to produce

the first chart of Mars. The telescope they employed had

an aperture of four inches.

In the year 1862 ilars was again very favourably placed,

and Kaiser, at Leyden, made a second chart of the planet.

The first figure in our plate represents his drawing of

this region as made on October 24th of that year. This

opposition was also signahzed by a fine series of drawings

by Lockyer, pubhshed in Vol. XXXII. of the Memoirs of

the Roijal Astronomical SociHy, both Kaiser's and Lockyer's

drawings showing a great advance in detail over Beer and

Madler's, the later observers being armed with six-inch

telescopes. Lassell, Phillips, Secchi, and others were also

at work during this opposition, whilst the next opposition,

that of 1864, supplies us with the drawings of another



56 KNOWLEDGE. [Mabcii 1, 1895.

first-class observer, the Eev. W. E. Dawes. From these

designs we gather some further details. The Lake of the

Sun is no longer simply a circular dot. It is elongated,

and occasionally irregular in form : and ahke iu the

drawings of Kaiser, Lockyer, and Dawes, we meet witli

a new feature, now so familiar to us under the name of

" canal," a narrow line linking the Oculus to the outer sea

towards the east.

It is, indeed, as the focus of a " canal " system of its

own that the Lake of the Sun has much of its importance

to us. Mars is dotted over with " lakes " from which
" canals " appear to radiate, but none of them have the

importance of the Lake of the Sun. In other cases it is

a question whether the "lake" is due to the "canals,"

or the "canals" to the " lake." In this case the prhnary

importance of the " lake " is manifest.

There is no need to refer to the less favourable oppo-

sitions, for not only was Mars then further from us,

but the district we are considering was presented under a

more or less foreshortened aspect. But in 1877 we had

again a very favourable opposition, and a great number

of observers were at work on the planet— Green and

Schiaparelli in particular. The drawings of the former.

Fio. 2.—Key-map of the laeus Solis region, according

SchiapareUi. From Flaramarion's " Mars," p. 361.

to

confessedly the best that have yet been published. Nor

is this fact in any way contradictory of the criticisms
_

that

have been passed on certain of his drawings of individual

portions.

In Fig. 2 we have a portion of his chart of Mars,

published as the result of nine years' work, and showing
the region with

which we are

more particularly

concerned. In

Fig. 3 we have

a drawing made
by him of Thau-
masiaon.JuneOth,
1890.

Here a new de-

tail is shown. Be-

side the numerous
canals radiating

off from the Lake
of the Sun in all

' bridge" some

published in Vol. XLIV. of Memoirs of the Eoi/al Astro-

nomical Society, still remain the most truthful and life-like

pictures of Mars that have yet been published, though

later observers have added many details which escaped

even Mr. Green's great powers of sight. The second figure

in our plate is by Schiaparelli, under date September '2Cth,

1877. The third is also by the same observer, and was

made at the next opposition, on November 11th, 1879, when
Mars was again suitably presented for the study of this

region, and when the " canal " system had undergone, as

the sketch unmistakably shows, a most extraordinary

development.
Diu-ing the next two or three oppositions the chief work

on Mars was effected by the industry of the great Italian

astronomer, and he brought out chart after chart, each show-

ing a distinct advance on its predecessor, and each depending

on a fine series of careful micrometric measures for the

positions of the principal points. It is beyond all doubt

due to the fact that they are based on meastires, not on eye

estimations only, and that as one of the best living double

star observers, Schiaparelli was a past master in the use of

the micrometer, that his charts of the entire planet are

Fig. 3.—The " Eve " of Mars, as drawn by

Schiaparelli. June 9th, 1890. From
Flammarioc's " Mars," p. 573.

directions, the lake itself is crossed by

500 miles long and, perhaps, 50 wide.

We now come to the last two oppositions. The former

of these is illustrated in our plate by two strongly contrasted

pictures ; Nos. 4 and 5—the former by Mr. Hussey,

drawn on August 17th, 1892, with the aid of the great

thirty-six inch refractor of the Lick Observatory ; the

latter by M. Gniot, on September 6fch, 1892, with the nine-

inch telescope of M. Flammarion's observatory at Juvisy.

No. i was published in Astronomy ami Astro-Plujsirs for

October, 1892 ; No. 5 in L'Astronomic for November, 1S92.

The four remaining designs represent the oppositions just

past, and I am indebted for them to the kindness of the

respective artists. They were taken as follows :

—

No. 6 by Herr L. Brenner, Manora, Istria, on September

14th, 1891.

No. 7 by Mr. Stanley Williams, Brighton, on September

23rd, 1894.

No. 8 by Mr. Bernard Cammell, Wokingham, on

September 27th, 1894.

No. 9 by M.E.M.Antoniadi, Paris, on November 1st, 1894.

The most casual

glance at the nine

drawings given in the

plate shows that,

whilst it is absolutely

clear that all the ob-

servers were watching

the same district of

the planet , and though

all agree in certain

broad features, the

differences in detail

are neither few nor

slight.

Do these differ-

ences represent real

facts, or are they

simply due to imper-

fect seeing and im-

perfect drawing?
That much of the

diversity in sketches

of Mara rests with the observer, and with him entirely, has

often been shown, and in particular by M. Flammarion in

his classical work. One of the instances which he adduces of

manifest " personal equation " relates to this very district of

Thaumasia. Father Secchi made a drawing of Mars at

Fia. 4.—The " Eye " of Mars, as

drawn by Secchi, Oct'ober Ibth, 1862, at

7h. 24m"., Greenwich Mean Time. From
Flammarion's " Mars," p. 549.
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Rome on October 18th, 1862, at 7b. 21m., Greenwich time,

whilst just 36 minutes later Lockyer completed another

drawing in London. The two astronomers were, there-

fore, probably actually observing the planet for some little

Fig. 5.—The "Eye" of Mars, as drawn by Lockyer, October 18th,

1862, at 8h. Om., G-reenwich Mean Time. From Flammarion's
" Mars," p. 549.

time together, for the Italian may very well have continued

to watch it after the completion of his sketch, whilst the

Englishman must certainly have commenced his watch

some appreciable time before that recorded for the com-
pletion of his design. On the whole, the latter must be

accepted as by far the more accurate. Kaiser's drawing

of six days later (Fig. 1 of the plate) is in too close accord

with it for there to be any doubt as to its substantial

accuracy. It follows, then, that we must accept it as

established that an astronomer, even of such eminence as

Secchi, could make most serious errors in his representa-

tion of one of the leading features of the planet. The
spiral "canal" that sweeps round the Lake of the Sun,

and finally into it, is clearly due to some confusion with

the outer coast of Thaumasia—the similarity of shape of

neighbouring outlines on Mars is one of the most fi-uitful

causes of errors in drawings of it ; the heavy W to the north

of the lake is a manifest exaggeration of the Lacus Tithonius,

seen so faintly on Lockyer's drawing. Lockyer, on the

other hand, probably under-estimated this latter marking,
and failed to detect any trace of the estuaries of the

Chrysorrhoas and Fortuna, where they open into the

Lacus Tithonius, to which no doubt the lower points of

Secchi's W correspond.

But even discrepancies like these are not sufficient to

overthrow the evidence for real change that exists. Com-
pare the two little sketches given below ; Fig. 6, from a

drawing by Dawes, under date January 21st, I860, and
Fig. 7, from one by Green, of September 29th, 1877.

In the earlier drawing, the two lakes, Solia and
Tithonius, are shown as " bottle-necked " seas, to use
Proctor's term. Both are connected with the Mare
Erythrseum by " canals," and of the two Tithonius is the

larger and darker. In the later, Solis is completely cut off

from the Erythi-iean Sea, but is joined by a short canal,

the Eosphorus, with the little Lacus Phoenicia. Other
drawings of Mars made by Dawes on November 3rd, 10th
and 12th, 1864 (see B.A.S. Monthly Notices, Vol. XXV.),
show Tithonius as most distinctly larger than Solis, and
like it in shape, and all agree in showing the Nectar canal
to the east of the Lake of the Sun, whilst of the Eosphorus
and the Lacus Phoenicis on the west there is no trace.

On the other hand, Schiaparelli (Fig. 2 of the plate) fuUy
confirms Green with respect to the Eosphorus and Lacus
Phcenicis in 1877 ; so do my own drawings made at the

same opposition. Schiaparelli, indeed, shows Tithonius as

a narrow, winding canal on September 26th, whilst Green
gives no trace of it tliree days later. But this was prob-

ably no mere oversight, but due to a real disappearance,

since on September 2nd he had shown it as a faint

streak. So it appeared to myself at about the same
time, and so to Flammarion, Dreyer and others, whilst not
a few good observers, Terby amongst them, failed to detect

it at all. It is quite clear that there was a complete
change, therefore, in the intensity and definiteness of

Tithonius between the oppositions of 1861 and 1877.

Although as large and as dark as the Lake of the Sun in

the former year, it was scarcely perceptible in the latter,

and would indeed appear to have faded entirely away by
the date of Mr. Green's last observation.

One difference which the nine drawings in the plate

bring out is manifestly due to the artist ; the difference in

the sciilt; of certain of the markings. This is a point which
every comparison of a number of drawings by difl'erent

hands is sure to bring out. The cause of it is obvious.

The observer has first to study the planet at the telescope,

to patiently trace out the different details, and then depict

them, more or less from memory, in his sketch. The
drawing cannot be made at the very instant that the

original is being viewed. The degree, therefore, to which
some point attracts special attention will have much to do

with the relative proportion given to it. Individual

discordances are often considerable, and " changes on

Mars " have bsen advertised in the most reckless fashion,

on the faith of a single drawing, quite neglectful of this

source of error even with the best artists.

Yet the evidence for an actual change, both in the size

and in the intensity of the Lacus Solis, as instanced in

Figs. 4 and 5 of the plate, is very considerable. Mr.
Stanley Williams, for instance, like M. Guiot, found the

lake both small and faint during September, 1892.

The case is clearer when we come to the tnnii>i of the

Fig. 6.—liars, by Dawes,
Jauuary 21st, 1865.

Fl&. 7.— Mars, by Green,
September 29th, 1877.

markings. Thus drawings 2, 3, and 6 in the plate show

the western edge of Thaumasia under a very different

aspect to drawings 7, 8, and 9. The former three show

the Sinus Aonius most accordantly ; the latter three show

no trace of it. This evidence is further supplemented by

that of Mr. Lowell, at the Flagstaff Observatory, Arizona^
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To him and to Prof. Schaeberle a bright fan-shaped marking
covered the site of this gulf throughout August, 1894.
Herr Leo Brenner, it will be seen, saw it under its

accustomed form on September 14th, whilst on September
23rd Mr. Stanley Williams found it again covered, and Mr.
Cammell confirmed the observation four days later. The
obscuration then, whatever its cause, had cleared off in the
fortnight between August 31st and September 14th, and
had taken shape again nine days later.

No. 5 shows a more extraordinary change still, but in

the other direction. Here M. Guiot records that the

Aonic Gulf has submerged the whole of loaria, so that the

Mare Sirenum and the Sinus Aonius have become merged
into one. This effect has often been represented, and
particularly in 1892. The difficulty of explaining it

arises from the fact that one observer will show Icaria

in its proper form and place, but a little while before

or after another observer fails to see it at all. Nor
is Icaria the only district on Mars which has this faculty

of vanishing. Compare Schiaparelli's drawing made
September 26th, 1877 (Fig. 2 of the plate), with Mr.
Green's drawing made three days later, and note how the

bright spike, Protei Eegio, which juts out from Thaumasia
towards the east on the former, is represented by a more
diffused marking on the latter. This region, well named
Proteus, was seen by Dawes in 1864, and was often observed

in 1892, amongst others by Stanley Williams and Keeler,

and always as of about the same size and in nearly the

same place, though the shape is apt to change a little.

Most drawings, however, fail to show it.

There are in all some six or eight such areas on Mars,

which may be seen or not seen, apparently almost at

random. Either, then, these are districts which impress

differently the eyes of different observers, or they change
their appearance with great rapidity.

It is easy to explain the disappearance of a dark marking,

even when it takes place in the course of a few minutes.

The formation of mist or cloud may readily hide a sea

from us. During the opposition of 1894, for instance, the

Maraldi Sea (Mare Sirenum and Mare Cimmerium), and
the whole region to the north, were completely hidden for

several days. But the temporary disappearance of a

district usually britiht is a harder matter to account for.

We can scarcely imagine that cloud masses habitually cover

certain water areas, preserving a definite and stable outline

above them, and then become dissipated for a while, soon

to reappear and to resume the old forms.

Some changes appear to be manifest surface-changes,

and not mere meteorological effects. And here Thaumasia,
standing out as it does considerably nearer the pole than
the bulk of the land mass of Mars, is an object of special

interest. The observations of Lowell, made during the

opposition just past, confirming and completing similar

observations of other astronomers in former years, show
that when the long winter of the southern hemisphere

has come to an end, the polar cap shrinks with great

rapidity, and becomes ringed with a dark belt, evidently

the water from the melted snows. This area broadens

and spreads, and the " canals " begin to appear. In -June,

1894, midway between the spring equinox and summer
solstice for the southern hemisphere of Mars, the " canals

"

were generally few and faint, and it was in Thaumasia
and the neighbourhood, where the great wave from the

melting of the polar snow might be expected first to

break, that they first showed up dark. The solstice fell

on August 31st, and the "canals" continued to be dark

throughout September ; afterwards they began to pale.

The three chief "canals" entering the Lake of the

Sim are the Ambrosia on the south, the Nectar on the

east, the Eosphorus on the west. Of these the Nectar
was seen in many comparatively early observations.

Thus, as already pointed out, Kaiser and Lockyer saw it

in 1862 and Dawes in 18G4, a broad sheet of water about

the length and breadth of the Adriatic. But in 1877 it

was not seen, whilst the Eosphorus was. The Ambrosia,
again, has likewise been seen, by itself and in company
with one or both of the other two.

This circumstance renders it difficult to suppose, as one
otherwise might, that when the Erythrfean Sea rose

above a certain level it flowed by these three " canals
"

into the Lake of the Sun, or that when the Lake of the

Sun attained a certain level it overflowed by these three

channels into the sea. For if one "canal" were full, all

three should be. We are driven to suppose, then, the

surface of Thaumasia to be exceedingly flat, so that a

very trifling change may block one channel or open
another. And seeing the apparent scale of these " canals,"

as long, and often as wide, as the Adriatic, does it not
seem probable that each one of them, even the narrowest, is

really made up of many narrower channels, winding and

, turning after the manner of terrestrial rivers, and only seen

as straight, because what is seen by us is only the sum-
mation of a complexity of detail, far too minute to be ever

separately discerned '? The striking difference in tint

between the southern and northern halves of Thaumasia,
shown by Kaiser in Fig. 1 and confirmed in Fig. 7, may
well be due to a vast network of such minute canals in

the former district.

Each optical improvement, each improvement in the

location of our telescopes, the continual improvement by
practice of observers, all uniformly tend to make the
" canal " system more complicated. Compare Mildler's

circular spot with no canals in 1830, Kaiser and Lockyer's

one canal in 1862, the two canals of Schiaparelli in 1877,

the three he saw radiating from the Lake of the Sim in

1879, the four M. Antoniadi shows, the five Mr. Hussey
saw at Lick, with the nine Mr. Douglass drew at the

Lowell Observatory last October, and has figured in his

sketch in Astronowi/ and Astrn-Physks for November.
A very level surface intersected by shallow channels,

most of them probably too narrow to be separately defined

by any telescopic power we possess, is, then, the probable

explanation of the changes of Thaumasia, and if of Thau-
masia, no doubt of most of the land surface of Mars. The
changes in the size of the Lake of the Sun probably show
that the inner coast of Thaumasia, as one would expect

from so flat a country, shelves down into the lake very

gradually ; and this again may be taken as typical of

most Martial seas. The changes in Icaria, in the Aonic

Gulf, and in the region of Proteus seem to require, either

that these districts have some quality which causes cloud

to form above them more readily than is the case with

neighboiu-ing districts, or else some property which renders

the amount of cloud, which elsewhere would pass unnoticed,

readily visible when it does so form. The former we might
explain as indicating regions where warm moisture-

laden winds from the equator meet cold winds from the

pole ; but the regions seem too sharply limited for this to

be the case, and, as I have shown elsewhere, the meteoro-

logical circulation of Mars is necessarily very languid. To
my own mind it seems more probable that throughout the

planet in general the difference of level between land and
sea-bed is but shght, and the gradients very gentle, so that

the difference in the sea-level, consequent on the melting

of the winter snows, has a vast effect on the extent of the

area submerged. Probably, too, these are regions either

where the land is full of broad shallow lakes, or the sea full

of flat islands or slightly sunken shoals ; details too small
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to be individually discerned, but producing in the aggregate

a certain definite effect. The formation or dissipation of

an amount of light ckrus cloud, which elsewhere would

be unnoticed, might easily, over regions like these,

change what appeared to be sea into what looked like land,

and vice versa, and this in a few mmutes of time. Indeed,

since eyes are differently sensitive to dehcate differences

of shade, the same reg"ion at the same instant might

appear to one observer as land, to another as sea. Except

on some such principle as this, it seems hard indeed to

account for the repetition, at long intervals of time, of

changes of light regions to dark and dark to light, not

mdiscriminately all over the planet, but in certain com-

paratively small areas of well-known and definite outline.

Hcttcrs

[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]
•

To the Editor of Knowledge.

Sir,—In an article called " Stars and Lights," by the

Rev. Charles Pritchard, in Good Words for May, 1869,

the writer states that Herschel, obser\'ing the star Mira.

found that it reached its greatest lustre on November
2nd, 1779, and on October 21st, 1790. He goes on to

say that the interval between these two dates gives eleven

periods of 331 days, but that interval exceeds the stated

periods by 365 days. The year 1790 being three times

mentioned in connection with the latter observation, a

student would not feel justified in correcting to 1789, while

a correction of the former observation date to 1780, a leap-

vear, would still throw the calculation out to the extent of

one day.

Could you kindly say whether 1789 should be substituted

for 1790 •? Yours faithfully.

Maisonette, Wallington. Thomas Henchmax.

[The late Prof. Pritchard was a very accurate writer,

but even accurate writers occasionally make mistakes
;

moreover, it is always diiScult to be secure against

printers' errors in a popular periodical.

In the present case it is evident that Prof. Pritchard

wrote, or intended to write, twelve (not eleven) periods

between the maxima of 1779 and 1790. W. Herschel's

observation of the former is interesting as being given in

the first paper he ever sent to the Royal Society, which

was communicated by Dr. Watson of Bath, and read on

May 11th, 1780. It will be noticed that he does not fix

the exact day of the maximum in the preceding year, but

says that on November 2nd the star's lustre was "still

increasing "
; on November 20th it was " as bright as

before, but no brighter ''
; and on November 30th it had

" considerably decreased." In the account given amongst
his " Miscellaneous Observations" (read on December 22nd,

1791), he says that he takes the epoch of October 21st,

1790, as " one of the best ascertained moderate appear-

ances " he could obtain, and that he believes it to be
" more proper for settling the period than that which
might be deduced from a brilliant blaze of the star, such
as took place in 1779, owing to causes that are not regular,

and therefore may be apprehended to disturb the general

order of the change." Sir \YUliam deduced what he
thought the most likely period from the observation of a

maximum by Fabricius, August 13th, 1596, and this

of October 21st, 1790, contending that its length

was 331 days 10 hoitrs 19 minutes, though others had
made it as much as 331 days. Sir John Herschel, we

may add, puts the average period at 831 days 8 hours

4 minutes ; but it is undoubtedly subject to some amount
of irregularity. W. T. L.

Blackheath.

0\ THE ELECTRIC ORIGIN OP THE SOLAH
CHROMOSPHERE.

To the Editor of Knowledge.

Dear Sir,—As you have kindly communicated to me
Mr. Evershed's answer to my former letter, I now send

you some further remarks.

1st. Sodium vapour.—The conclusions adopted by Mr.

Evershed, after his last explanations, appear to be more
probable ; but, though the experiments related have a

great value, his proofs, in my opinion, are not complete.

Mr. Evershed relies on the difference in the width which

the yellow D line shows in the heated tube and in the flame
;

but is not the greater width in the tube due simply to the

greater proportion of sodium, which is slowly distilling

from a hot to a cold part of the tube, whereas in the flame

it is rapidly drawn out '?

Mr. Evershed supposes that hydrogen gas has no

influence on the production of the characteristic line D ;

how then can he explain the familiar experiment of

Prof. Lockyer on sodium when heated and electrically

illuminated in a vacuum tube '?
(
Proceedi)i;is of the Royal

Soriettj, 1879, p. 110) :
" Hydrogen is given off in large

quantities, and at the end the vapour shows the red and

green lines, without any trace whatever of the yellow

one."

These questions are very difficult and complex, even

with the apparently simple case of sodium. For my part,

I think it is almost impossible to decide, at very high

temperatures, that no chemical combinations or allotropic

changes are taking place.

2nd. Hydrogen.—Application to the solar chromosphere.—
The experiments on sodium are not sufficient for applica-

tion to the case of the solar chromosphere, because sodium

is not the only constituent of the latter ; hydrogen gas,

which is mucli more imporant than sodium in the sun,

and which exists also in the stars and nebul:?, should be

also examined. As yet, however, it has not been found to

give its characteristic lines by heat or by chemical com-

bination after a great many experiments tmder different

conditions—an electric interference is necessary ; so that

we may conclude that the chromosphere is an electric

flame.

Some observers, including Prof. Tacchini and Dr.

Huggins, have also set forward the same opinion or con-

clusion, but on other grounds. Dr. Huggins, in his

Bakerian lecture in 1889, concludes from a general and

remarkably able study of the solar corona that the

phenomenon is electrical, and, extending this result, he

adds, " We can scarcely doubt that electric disturbances of

exceptional magnitude accompany the formation of the

prominences ; indeed, these phenomena may themselves be,

in part at least, electric discharges analogous to terrestrial

aurorsB."
. .

From aU points of view, then, an electric origin is, in the

actual state of our knowledge, decidedly the most prob-

able. Moreover, the new photographic method, which

reveals the chromosphere on every point of the solar disc,

has permitted us to take a further step, and to compare

exactly the electric states of terrestrial and solar atmos-

pheres. Now the distribution of electricity appears exactly

the same in the two bodies, and I wrote in 1893 {Comptes

rendus de I'Academie des Sciences de Paris) :
" The

phenomena of solar chromosphere and terrestrial atmos-
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pberic electricity are similar, and their simultaneous study
will be useful to both." ''

Against this general view Mr. Evershed argues that it

necessitates on the sun a continuous discharge of electricity

over the whole sphere, and that on the earth the

difference of potential does not imply a necessarily similar

discharge. The objection is only an apparent one, and
rests on the use of the word " discharge," which is not ap-

propriate in the case of the earth ; for in our air, which is

imperfectly isolating, we have simply in the ordinary case a
continuous outflow of electricity in the vertical direction ; a

greater difference of potential being necessai-y to form a

true discharge, as in the sun. The causes of the two
phenomena are the same, and act continuously so as to

maintain the ordinary state of things ; they have only

different intensities and effects.

Likewise, when a body has a relatively feeble charge of

electricity, it loses its charge continuously and slowly in

the air, without any sensible effect on our senses ; it is

the ordinary case of our atmospheric electricity. If the

charge is greater, we can perceive in a dark room a feeble

blue hght around the body ; and with a much greater

potential the true discharge appears, attended by noise and
strong light. This is the case of the sun, where the high

temperature of the gases makes the discharge easier.

The analogy between the two atmospheres appears to me
to be striking, and I have purposely refrained from seeking

the exact cause which maintains the differences of poten-

tial, because it is not useful for the comparison.

3rd. AppUcaiion to the Stars and Nebula.—This analogy

can be extended up to a certain point to the other celestial

bodies, for in the spectrum of the sun, examined as a star,

the whole chromosphere is exactly represented by a feeble

bright line in the middle of the broad black line of calcium.

The sun, then, is a bright-line star, and may be grouped

with the variable stars, temporary stars, and nebulae. But
the bright line of the sun is very feeble relatively to the

continuous spectrum, whilst it is strong enough in variable

and temporary stars, where it was first discovered, and in

nebulse it is very strong indeed. On the other hand, the

line is reversed in the sun, but certainly has not the same
character in all the other bright-line stars, as Father

Sidgreaves has already noticed with the variable star

13 Lyrffi. I will examine only the case of the new star in

Auriga, which was formed, at the beginning, by at least

two bodies moving rapidly the one towards the other ; then

the bright lines of one of the bodies were very probably

reversed Unes, as recent studies on the corresponding line

of the sun have shown ; so that we are driven to see some
connection between the atmospheric electricity of the earth

and the singular case of the new star in Auriga. In fact,

the phenomenon of the new star is due either to the rapid

approach of two bodies or to a motion of matter, just as

atmospheric electricity, likewise, has often been ascribed to

the relative motions of the higher parts of our atmosphere.

Perhaps it may be possible to explain by some general

cause, very probably electrical also, all the gaseous lights

of the heavens—meteors, comets, the luminous atmospheres

of stars with their periodic variations, and nebulfe.

Faithfully yours,

Paris Observatory. H. Deslandres.

MECHANICAL FLIGHT.

To the Editor of Knowledge.

gm^—One of the readers of Knowledge wishes to know
how I obtained by experiment, in 1875, a lifting force of

* If we extend the analogy, we are driven to suppose in tlie atmos-

phere of the eartli a phenomenon similar to the solar corona.

forty pounds per horse power, while Mr. Maxim only
obtained a thrust of two thousand pounds with three

hundred and twenty horse power, equal to only five and a
half pounds per horse power. As the subject may be
interesting to many of your readers, I venture to reply

through your columns.
Not having been able to make a second travelling ex-

periment with my machine, through its accidental damage
by exposure to a heavy gale of wind, I fitted the engine
with two horizontal screws, as shown in the diagram,

which is a plan view drawn
to a scale of a sixteenth of

an inch to the foot. The
screws were twelve feet in

diameter, arranged on each
side of the engine and boiler.

Twelve planes, each having
an area of seven square feet, were mounted on each
wheel. The hoops were formed of laminated pine, with
wire spokes, like velocipede wheels. The planes were made
of strong calico, mounted on bamboo canes, and, when
driven at full speed, the planes bellied to some extent,

thus acting as screw blades with increasing pitch.

The screws were driven at sixty-seven revolutions per

minute, which would impart a speed of the effective

diameter of over twenty-three miles an hour.

It would scarcely surprise anyone if a plane of one
hundred and sixty-eight square feet, driven in a straight

line at twenty-three miles an hour, were to sustain one
hundred and twenty pounds. Therefore it is not surprising

to me that fifty-six square feet to each horse power should
sustain forty pounds in my experiment. As it was made
twenty years ago, I cannot now remember the pitch of the

screws.

Mr. Maxim's screws are seventeen feet ten inches in

diameter, and five feet wide at their ends. If these screws

were fitted to vertical axles, and not allowed to rise beyond
a few inches, as in my experiment, the effective surface

would be only thirty-six square inches to each horse

power. The difference is, therefore, in one case thirty-six

square inches, and in the other fifty-six square feet to each
horse power, and therefore my experiment naturally shows
nearly eight times the thrust of Mr. Maxim's screws, per

horse power. It is, however, necessary to bear in mind
that Mr. Maxim's screws were travelhng, while mine used

the whole power in slip.

Not ha\dng any definite data as to the revolutions per

minute of Mr. Maxim's screws, I therefore cannot carry

the comparison further.

Yours truly,

8, Quahty Comt, W.C. Thomas Moy.
12th February, 1895.

THE INTELLIGENCE OF INSECTS IN RELATION
TO FLOWERS.

By the Rev. Alex. S. Wilson, M.A., B.Sc.

BESIDES the attractions which they offer to insects,

flowers are generally provided with the means of

excluding certain classes of visitors. Diligent

visitors, as a rule, are welcome, and indolent

habits alone, as was shown in an article on the

"Industry of Insects in relation to Flowers" in the

December number of Knowledge, are suflicient to render

a visitor undesirable. The value of any set of fertilizing

agents depends on the number of separate flowers which

each individual visits ; multiplying the visitors does not,
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therefore, compensate for their lack of diligence. The
visit of a systematic worker is far more efficient than that

of a less industrious insect ; but this is due quite as much
to intelligence as to diligence, for the careless or un-

intelhgent can no more avoid entering the same flowers

repeatedly than a number of separate insects working
independently. Kevisitation not only does a flower no
good, but involves loss, its poUen being brought back and
applied to its own stigma instead of being transferred

to another blossom. Insects which return to flowers

already \asited lose their time. In their own interest,

therefore, the more intelligent will avoid overlapping, and
their efficiency as fertilizers wiU increase in proportion.

From the structure of the honeycomb, which afi'ords a

maximum of storage capacity with a minimum expenditure

of wax and labour, we are prepared for a corresponding

economy in the work of collecting honey. The methods
adopted by the bee for the purpose of saving time are

interesting and instructive in a high degree. Intelligent

procedure is essential in view of the extremely small

amount of nectar contained in most flowers. By chemical
analysis the quantity of sugar present in any blossom can
easily be ascertained. Some years ago I made a number
of experiments which illustrate the arduous nature of the

task performed by bees. The results showed that to

obtain one grain of sugar a considerable number of flowers

are requisite. Of the blossoms of the fuchsia Si, of the

sweet pea 6j, of the monk's-hood 10j\y, and of the red

clover 8^^ heads were respectively needed to furnish a

single grain of sugar. Of smaller blossoms a much larger

number was necessary. In the clover, which may be taken

as a typical example, the head consists of about sixty

florets, and we must, therefore, multiply the 8j by this

number to find how many times the insect's proboscis

must be inserted into a flower to obtain a grain of sugar.

There are 7000 grains in a pound; this quantity, there-

fore, represents 8j x 60 x 7000, or 3,-165,000 separate

flowers. Honey, however, only contains about seventy-

five per cent, of sugar, so that in round numbers a pound
of honey represents two and a half millions of clover tubes
rifled by the bees

!

It is evident from this illustration that industrious

habits are indispensable to insects which depend on
sugar as a source of sustenance, and it is not surprising

that they should try to lighten their labours by economical
methods. A more remarkable chcumstance is that the

arrangements in many flowers are specially adapted to

turn these economical habits to advantage in promoting
cross-fertilization.

The first of these methods of saving time worth mention-
ing was noticed by Aristotle, and may be observed by
anyone who cares to follow the operations of a bee. A
marked characteristic of the bee's method of working is,

that in the course of a single journey the insect, as a rule,

confines its visits to the flowers of one species of plant.

The Lepidoptera and some of the Diptera also follow this

method, though not, perhaps, so rigidly as bees. Mr. A. W.
Bennet, who has paid some attention to the methodic habits

of insects in visiting flowers, records three flights of the

painted lady, in which the insect confined itself to the

same species, settling six, three, and ten times respectively.

A hive-bee paid nine successive visits to the same species

of flower ; one bumble-bee fifteen, and another eleven,

passing over many other flowers. Mr. H. 0. Forbes saw
a bee visit thirty llowers of the dead nettle in succession,

passing over other flowers, such as Convolvulus, Eubus
and Solanum. This habit is very manifest, particularly

in our native bees ; when any plant is very abundant they

may frequently be seen at work upon its blossoms almost

continuously, for hours, if not for entire days. No doubt
this is partly explained by the limited number of species

whose flowers secrete nectar on any given day. A flower

does not generally begin secreting until its essential

organs are mature, since the need for economy presses

upon the blossom as well as the bee. There can be no
doubt, however, that Mr. Darwin's explanation is the true

one. By keeping to one kind of flower at a time the insect

gets familiar with its ins and outs, and can thus work more
rapidly, while practice makes it expert, and thus time and
labour are saved.

The importance of this habit to flowers is very obvious.

An insect which visits all kinds of flowers indiscriminately

misplaces the pollen, carrying it to the stigmas of a
different species from that whence it was obtained. Con-
stancy on the part of the visitor prevents the pollen being
taken to the wrong flowers, where it would be quite wasted.

Not only, therefore, must an insect profit by its abihty to

recognize diflerent flowers quickly, but the flowers themselves
benefit by possessing distinctive marks whereby the species

may be easily distinguished. One reason for the diversity

of colour, scent and form met with in flowers is doubtless

to foster this habit of constancy. Flowers specialized for

bees in particular exhibit great variety. The odours of

flowers are also distinctive and highly characteristic,

while marks on their petals usually serve as honey-guides

;

but the bright spots on London pride and other Saxifraga,

and the tesselated draught-board pattern of the crown
imperial, cannot be of much use in this way. Possibly

their function is to aid the winged botanists in identifying

the species.

The value of an insect's visit may be diminished, not

merely by the transference of the pollen to flowers of

another species, but also by its application to the stigmas

of flowers growing on the same plant. Insects whose
methodical instincts lead to the intercrossing of distinct

plants are preferable to those which bring about the inter-

crossing of flowers growing on the same plant. A bee

visiting a spike or raceme of flowers almost invariably

enters the lowest flower first, and proceeds to the others in

regular succession upwards. I directed the attention of Mr.
Darwin to this subject, and he mentioned in a letter I

had from him that he had observed bees visiting Tritoma in

this way. Tritoma, better known as the red-hot poker, is

a garden plant belonging to LUiaeefe ; its inflorescence is

an elongated spike, consisting of hundreds of tubular flowers.

Tritoma is adapted to Lepidoptera. Bees must have

difficulty in reaching the nectar, and I have not had an
opportunity of observing them at work on its blossoms.

On one occasion I saw a tomtit biting holes in these

flowers to get their nectar ; but although birds rarely do

this, humble-bees regiflarly perforate the corollas of the

heath and other blossoms. Quicker access is thus obtained

to the honey, and the insect can remove it from flower

tubes too deep for its proboscis. Hive-bees, when they can,

make use of the holes made by the humble-bee in preference

to entering by the mouth of the flower. The ascending

habit appears, however, to be common alike to the hive-

bee and the wild species. For a time I was at a loss to

account for this order of visitation, but the action of the

insects themselves suggested the explanation. I noticed

that they rarely went up the whole length of a spike, and
sometimes only entered one or two of its lowest flowers.

It then occurred to me that as the lowest flowers were also

the oldest and most advanced, they were more likely to

contain nectar than the younger ones higher up the spike.

An additional hint was afl'orded by Jlr. Darwin's observa-

tion that, on visiting a flower with several nectaries, a bee,

if it finds one of them empty, does not stay to examine the
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others, but immediately flies off to another blossom. The

ascending habit is an extension of the same principle.

Begining at the bottom flov?er and going regularly upwards,

the bee applies to the iutiorescence the same principle

which it adopts in the case of a flower having several

nectaries, for on coming to a flower with no nectar it learns

at once that to visit the flowers above this would be labour

in vain. The advantage of the ascending method is that it

enables the bee to avoid a great many useless visits to

newly-opened honeyless flowers towards the top of the

inflorescence. A further advantage of this system is that

the bee is informed in the first flower it enters if the spike

has already been visited, and if so, it can at once turn its

attention elsewhere. Such systematic visitation must,

therefore, result in a considerable saving of time.

The first plant on which I remarked bees proceeding in

this manner was the gladiolus. The flowers of this plant

are dichogamous, as those blossoms are termed in which

the essential organs mature at diflerent times. As is the

case with most conspicuous flowers, the dichogamy is

protandrous, that is, the stamens of each flower ripen

before its stigma. Self-fertilization is improbable, as all,

or nearly all, the pollen is shed before the stigmas expand.

In their first stage the flowers are functionally male
;
in

the second they are female. Another diiference between

the two stages exemplified in Gladiolus is that the stamens

and stigmas change their relative positions. At first the

stamens are bent forwards ; the anthers stand in the fair-

way to the nectar, and it is impossible for a bee to enter

without encountering them and dusting itself with their

pollen. Meanwhile the unexpanded stigmas remain in

the upper part of the flower, behind the anthers and quite

out of the way of visitors. When the flower passes into

the second stage the stamens, ha\'ing scattered their

pollen, straighten up and occupy the upper portion of the

flower, beyond the reach of visitors. The style now bends

forward and the stigmas uncmd in the entrance to the

flower, so that no bee can enter without touching them.

By the time the older or lower flowers have attained the

second or female stage, many of the younger ones higher

up the spike can only have reached the stage in which the

pollen is discharged. Hence, a bee entering the lowest

flower pollinates its stigma with pollen brought from

another plant, and proceeding upwards comes to younger

blossoms, where it is dusted with pollen, which it carries

off with it to the next spike, where the same thing is

repeated. Were the bee to begin at the top and work

downwards, it would waste its own time searching flowers

not far enough advanced to yield nectar, and simply

transfer the pollen of the upper blossoms to the stigmas of

the older flowers farther down the same spike. This,

indeed, would be a kind of cross-fertilization, but the

experiments of Mr. Darwin have conclusively shown that

the intercrossing of flowers belonging to the same individual

plant yields results little, if at all, better than self-fertili-

zation. So numerous are the provisions in flowers for

preventing self-fertihzation that there is only one possible

conclusion, viz. : that the acropetal inflorescence and

protandrous flowers constitute a special adaptation to the

ascending habit of insects intended to secure the inter-

crossing of distinct plants.

The wood sage, one of our commonest labiates, illustrates

even better than the gladiolus this provision for the inter-

crossing of different plants. Its flowers, as will be seen from

our illustration, are, like those of Tritoma and Gladiolus,

protandrous. The stamens having shed their pollen bend

backwards over the upper edge, and the stigma which at

first is behind the stamens bends forward and occupies the

entrance of the flower. The number of flowers on each

spike is usually much greater than shown in the sketch.

They are developed acropetally, and as the bee in visiting

them usually adheres to the ascending habit they must, in

most cases, be fertilized with pollen from a diflerent plant.

The common figwort is visited chiefly by wasps. On
this plant I have repeatedly observed a wasp begin at the

uppermost flower and work downwards. But this apparent

exception only confirms the explanation just given, for the

flowers of the figwort are protogynous, not protandrous,

the stigmas being in advance of the stamens, and although

the inflorescence develops somewhat differently the

arrangement here also leads to the intercrossing of flowers

belonging to different plants.

Simple flowers have the honey exposed and easily

accessible to all insects, but in more highly developed

blossoms it is often so completely concealed that only

intelligent visitors can discover it. Sprengel long ago

noticed the stupid manner in which flies behave when

searching for nectar. One of the carrion flies constantly

misses its aim when trying to insert its proboscis into the

flowers of

bistort.
Beetles are

,; equally
,^^ J'" awkward
^^A .-'iT and make

many in-

eflectual at-

tempts to

reach the

honey of

Erodium.
Such stu-

pidity is,

however,
characteris-

tic only of

short -lipped

species, for

it has been
shown that

structural
adaptation
and intelli-

gence ad-
vance to-

g e t h e r .

Among flower-haunting insects a long proboscis is indicative

of a high grade of intelhgence. Butterflies are especially

deft, thrusting their proboscis into flowers and withdrawing

it with astonishing swiftness and precision. The dexterity

of the more specialized bees is almost equally great,

though even bees may be seen sometimes fumbling about

in vain for the entrance to the nectary on flowers with

which they are not familiar. They soon recognize the

value of the guiding lines on petals, and, following them,

overtake more work. In this way they are induced to

enter flowers in the manner most calculated to efl'ect cross-

fertilization. Less intelligent guests, unable to interpret

the honey-guides, might remove the nectar without con-

ferring any benefit on the flowers. Changeable flowers

like Eibes indicate to intelligent visitors if they have

already been visited, and divert the less iutelhgent from

the unvisited blossoms still containing nectar. Sharp-

witted guests alone are likely to enjoy the honey in th3

deceptive flowers of Parnassia. The blaeberry, again,

illustrates a class rich in nectar, but rather obscurely

coloured and frequented by bees sufliciently wise not to be

misled by appearances. Flowers are thus adapted not only

The Wood Sage {Teucrium scorodonia).

1. Young upper flower in male stage. 2. Older
lower flower in female stage, st Stigma.
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to the bodily size and shape of their guests, but ai-e also

specialized in relation to their habits and degrees of

intelligence.

One or two considerations may be mentioned to show in

what way the social habit must aii'ect the value of insects

as fertilizing agents. Since the concerted action of an

organized community involves division of labour, those

individuals on whom the duty of collecting honey falls will

.visit a larger number of flowers than they would if every

duty were shared alike, and in consequence of this increased

industry the value of the workers' visits will be enhanced.

As a second effect, bees scatter to their task, members of

the same hive tending to spread rather than to hunt in

packs. On one occasion I noted three butterflies and one

bee on the same thistle-head ; but butterflies are not

socialists like the bees, whose interest it is to keep out of

each other's way as much as possible, and avoid competing
keenly with one another. Hence the ascending habit is

of special importance to social insects.

Two summers ago I had a good opportunity of

observing how bees go about their work on a rich bed

of white clover. On chilly days, when few insects were at

work, they did not visit systematically, but only entered

a few flowers on each head of clover. It seemed as

though, revelling in abundance, they had relaxed their

methods, and were acting on the generous principle of not

reaping the corners of their fields ; but perhaps the scanty

secretion of the nectar, in consequence of the cold, might
have something to do with it. Be this as it may, on
sunny days, when many insects were at work, the bees

behaved quite differently, seldom leaving a clover-head

untQ they had exhausted every one of its numerous florets.

The intense activity and the careful, systematic procedure

of the little toilers suggested the idea that possibly the

hum of neighbouring workers exercised some influence

upon their actions. Everyone knows the kind of inspira-

tion for work which one experiences when the sights and
sounds of industry are all around. Music is known to

possess a remarkable charm for spiders, and there is not a

httle fascination about the notion that bees somehow
stimulate and encourage each other by humming. In
studying the organization of flowers, too, one is deeply

impressed by the thoroughness with which Nature does

her work ; nothing is left to chance, no stone is unturned,

no precaution omitted that can conduce to the end in view.

Flowers, we might almost say, have honey for the diligent,

the intelligent, the systematic worker ; none for the

careless, the capricious, or the idle. Nor is it otherwise in

human experience, for nothing can be less remunerative
than desultory work.

Science Notes.

South Australian papers to hand bring details of the

tremendous upheaval on the island of Ambrym, one of

the New Hebrides, in the Pacific Ocean, nearly one
thousand four hundred miles north-east of Sydney. The
region is naturally volcanic, and more or less in a chronic

state of disturbance, but the last upheaval seems to have
been the greatest in historic times. The island was
partially explored a few weeks after the subsidence of the
upheaval by Captain Gust, of Her Majesty's ship " Dart,"
and he reports that the centre is a perfect " sea of lava,

with the hills sticking up through its surface like islets."

The surrounding country is covered with ashes, and all

vegetation is temporarily destroyed. The crater is roughly
estimated to be three miles in circumference, and " the
wall is from eight hmidred to one thousand seven hundred
feet above the level of the floor." The last census taken

of the population of this island, mostly savages, speaking
various and very primitive dialects, put the figures at
" about eight thousand," but Captain Cust reports that
" few seem now to be found "—probably most of them
having perished. ..,_

At the last meeting of the Anthropological Institute a
most interesting paper on the Samoyads was read by Mr.
Arthur Montefiore. Up to the present very little has been
known about the history or even ordinary life customs of

this people, and about ten years ago it was feared that a
terrible outbreak of small-pox would have cleared them ofi'

the face of the inhospitable bit of the globe they inhabit,

namely, the Arctic coast of the Russian Empire, west of

the great river Yenisei. Their religion has been described

as a mixture of northern paganism and fetichism, and
their morals peculiar—even to the point of being scru-

pulously honest in all their trading transactions. In his

paper, Mr. Montefiore, after deahng with the geographical

distribution of the various branches of the Samoyads,
proceeded to treat of their affinity with the Finns, placing

them in the Ural-Altaic group, thus following the theories

of Castren. This inference appears to have been largely

based on a study of their language, customs, folk-lore,

." religious " beliefs, or myths, and physical characteristics.—I-*-,

—

A remarkable vUlage of cliS'-dwellers, perhaps the most
wonderful of the kind ever discovered, has just been
found in an almost inaccessible canon in the Bradshaw
mountains, in Arizona. The canon was discovered by
accident by two prospectors, who did not attempt a

thorough exploration, owing to the great size of the

ancient settlement. From the description given by them
there is no doubt that this is the largest village of the

kind ever discovered. It is located along the high banks
of Willow Canon, and the houses are estimated to number
two hundred and sixty. It is a difficult matter to reach

the canon even with pack animals, which accounts for its

having been so long undiscovered. There are three

natural terraces in the caiion wall, the dwellings opening

back from them, and a flight of narrow steps in the rock—

•

now almost worn away—seems to indicate that this was
the method employed in ascent and descent. Several of

the houses were explored, and large quantities of pottery

and some instruments, evidently used for cultivating the

soil, were found. In one house a skeleton of a man was
discovered, not over four feet eight inches in height. A
party is being organized to explore the newly-found village,

and it is hoped that interesting discoveries will be made to

throw further light on the history of these remarkable

people.

Notices of Boofts.

A Handbook to the Primates. By Henry C . Forbes,

LL.D., F.Z.S., &c. Vol. I., pp. 283. Vol. II., pp. 257.

(London : W. H. Allen & Co., Limited, 1894.) " The
Naturalist's Library," to which this pair of volumes
belongs, promises to contain by far the best collection of

works on natural history. Sixty years ago the volume on
monkeys was published in Jardine's archaic " Naturalist's

Library," but it would be kinder, perhaps, not to dwell upon
the caricatures which illustrated that work. We cannot

help thinking of them, however, as we look at and admire

the fine plates in the volumes under review. In the first

volume. Dr. Forbes gives an account of the lemur-

hke animals (Lemiu-oidea), and the man-like animals

(Anthropedia) so far as the baboons and mangabeys, while

the second is devoted to the remainder of the monkeys,
and the apes, and to a set of tables and maps showing the
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geographical distribution of the order Primates. To say

that the work forms a complete monograph of the order

would be to claim for it what everyone familiar with the

great advances in zoology during the past half century

would know to be untrue. But at the same time we have
no hesitation in saying that in these instructive handbooks
Dr. Forbes has given the public the benefit of his know-
ledge, with the result that, for conciseness and accuracy,

they together make an ideal text-book for the student and a

desirable work of reference for the well-informed reader.

Much remains to be done before our knowledge of the

Primates and their distribution will approach completion,

but that which has been accomplished is carefully and
cleverly epitomized.

L'lowlland : A Studi/ of the Structure and Characters of

Clouds. By Eev. W.' Clement Ley, M.A., F.E. Met. Soc,
Pp. 208. (London: Edward Stanford, 1894.) Mr. Clement
Ley, than whom there is no higher English authority on

the forms of clouds, deserves the gratitude of meteorologists

for this most important addition to their literature. The
preparation of the book has involved an immense amount
of labour—so great, indeed, has been the toil, that it has

seriously impaired the author's health. There are several

reasons why the task should have been so difficult. Not
only are clouds vague and intangible objects, but the

causes which produce them are very complicated, and
meteorologists generally have eschewed the subject,

forgetting that the co-ordination and study of clouds would
probably lead to the discovery of important connections

between them and the weather. The author's main object

has been to help and interest individual observers in this

neglected branch of meteorology, and thus to aid the

growth of the science ; and, in our opinion, he has produced

a work so attractive in illustration, and untechnical in text,

that it cannot fail to extend the observation of "the
nurslings of the sky." The volume is enriched by a

number of reproductions of Mr. Arthur Clayden's beautiful

photographs, and a few coloured plates representing water-

colour sketches made by the author. It will certamly be

the cade mi'cwii of all students of nephology.

A Handbook of the British jSlacro-Lepidoptera. By
Bertram Geo. Eye. Illustrated by Maud Horman-Fisher.

Vol. I., Part 1. (Ward and Foxlow ; 2s. 6d.) At length

we have before us coloured illustrations which are true to

Nature, and do not partake of the gaudy and highly-

coloured plates so often seen in works of this kind. The
first part of Mr. Eye's handbook, just published, does not,

it is true, deal with the insects most difficult to represent

in colours, but it contains enough of Miss Horman-Fisher's
excellent work to assure us that the high standard will be

maintained. The text, which chiefly deals with the meta-

morphoses and classification of the Lepidoptera, is concisely

and simply written.

A Treatise on Ciwmisln/. By Su- H. Eoscoe, F.E.S., and

C. Schorlemmer, F.E.8. Vol. I., The Non-Metallic

Elements. (Macmillan & Co., 21s.) The new edition of
|

the first volume of this valuable work contains con-
J

siderable additions. The fresh matter in the introductory

part of the volume includes an account of the recent

researches on osmotic pressure, which have thrown so

much light on the nature of solution, and have led

to an important new method for determining the mole-

cular weight of a dissolved substance fi'om the lowering

of the freezing-point of the liquid in which it is

dissolved. When a dilute solution of sugar or other

crystallized substance is placed in a vessel whose walls

are formed of a " semi-permeable " material

—

i.e., one
which allows water to pass through it but prevents the

outward passage of the dissolved substance, the pressure

inside the vessel is observed to rise. This pressure is

called the osmotic pressure, and is found to play the same
part in the theory of dilute solutions as gaseous pressure

in that of gases. The osmotic pressure depends on the

nature of the dissolved substance, the concentration of

the solution, and the temperature. The values given for

the atomic weights of the elements have been revised,

most of them being now represented by a smaller number,
the value for that of oxygen, from which many of the others

are derived, having been reduced in accordance with the

latest researches to 15-88 in place of 15-96, which was the

number given in the last edition of this work.

A noticeable feature of this treatise is the representation

in the illustrations of the principal apparatus used in

chemical research, and in the technical applications of

chemistry. These are given with great clearness. In the

description of Pictet's process for hquefying gases, the

scientist's account, included in the former edition, of how
he obtained a steel-blue liquid jet of hydrogen and heard a

rattling haU of solid hydrogen particles, is omitted in this,

the author perhaps agreeing with the opinion expressed in

a French text book that M. Pictet must have been the

victim of an illusion.

A further account is given of Moissan's recent interesting

work on the preparation of fluorine, which for so long

resisted all the efforts of chemists to isolate it.

Care seems to have been taken to embody in this volume
a description of discoveries which have taken place since

the publication of the previous edition. For example, the

composition and properties of phosphorous oxide, as shown
in the experiments carried out a short time ago by Thorpe
and Sutton, are described. In place of the sentence " All

attempts to obtain the diamond artificially have as yet

been unsuccessful," which appeared in the edition published

six years ago, there is now a description of the interesting

method of Moissan, by which he has obtained artificial

diamonds by allowing carbon to crystalhze from solution

in iron under a high pressure. Amongst other additions

which might be mentioned is that of a few paragraphs on
the bacteriology of the air. Eeferences are given throughout
to some of the principal original memoirs, which will be

valuable to the student who wishes further information on
any point.

The clearness of the printing is much conducive to

comfort in reading, and some misprints which occurred in

earlier editions have been corrected. With the new matter
embodied in the text this first part of the treatise forms a

full and reliable guide to the present state of knowledge of

the descriptive chemistry of the non-metallic elements.

The Aeronautical Annual, 1895. Edited by James Means.
(Clarke & Co., Boston, Mass.) One dollar, post free.

This first annual, on the now recognized important subject

of navigating the air, is well worthy of perusal. Mr. Means
has wisely begun at the beginning of the records. Starting

with Leonardo da Vinci, who was born in 1452 and died

in 1519, the reader is favoured with a fine portrait of that

remarkable man, reproduced from a drawing in red chalk,

by himself, in the Boyal Library, Turin. Da Vinci was
certainly a man far in advance of his time. After selecting

some of his most important achievements, the editor

passes on to the writings of Sir George Cay'ley, 1809

;

Walker, 1810 ; and Wenham, 1866. Then follow some
old curiosities, which are very amusing, though not of

much scientific value. Then, in succession, Darwin,
Henson, and others are mentioned. Notes on the biblio-

graphy of aeronautics, and references to Mr. Chanute's

literary labours, with valuable suggestions by the editor,

make it altogether a very readable book to all interested in

the navigation of the air.
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A Handbook of the Britisli llamraalia." Bv R. Lydekker, B.A.,

F.E.S. (W. H. Alien & Co.) 69.

Lens Work for Amateurs. By Henry Orford. (Wliittaker & Co.)

33. A practical handbook, containing excellent instructions to young

workmen and amateurs for the manufacture of lenses.

TheAgeoftheCondottieri. By Oscar Browning. (Methuen &
Co.) OS. A short history of ilediaeval Italy, from 14P9—1530,
furnished with an excellent index.

One Thousand Patent Facts. By R..bert E. Phillips. (Iliffe i
Son.) 2s. 6d. A compact and conprehensive work dealing with the

laws and rales governing the protection of Inventions by Letters

Patent, and the registration of Designs and Trade Marks.

T/ie Great Problem, or Man's Future Place in the Universe. By
J. S. (ElUot Stock.)

Annual Report of the Smithsonian Institution, for the Year

endini] June iOt/i, 1892. (Grovernment Printing Office, Washington.)

An elaborate report, containing a great number of beautiful plates flom
photographs of specimens in the United States National Museum.

Proceedings of the Acaiemg of Xatural Sciences of Philadelphia.

Mil/September. 189 i.

Calendar of the Department of Science and Art, 1895. (Eyre &
Spottiswoode. ) 2s. 5d.

Progress of Science. By J. Villin Marmery, with an Introduction

by Samuel Laing. (Chapman & Hall.) 7s. 6d.

Mechanics—Theoretical and Practical—Dynimics. By B. T.

Glazebrook, M.A., F.R.S. (Cambridge Uniyersity Press.) -is.

The Story of the Stars. By George F. Chambers, F.R..aL.S.

(Geo. Newnes.) Is.

Substance and its Attributes derived from the Absolute. (Kegan
Paul i Co.)
Bemarkable Comets. By W. T. Lynn. Third Edition. (Edward

Stanford.) 6d.

A Handbook of Illustration. By A, Horseley Hinton. (Dawbarn &
Ward.) 33. net.

Chemical Laboratory Labels. Compiled by W. H. Svmons, F.I.C.

(Gallen, Eamp & Co.)

The Soyal Xatiiral BiMory. Edited by Richard Lydekker, F.R.S.

(Frederick Warne & Co.) Is. Vol. III., Part 16, commences the

portion of this work to be devoted to birds. The introductory matter

referring to the general characteristics of the class Aves is well and
soundly dealt with. The illustrations, however, fall short of our

expectations.

THE CAUSE OF THE MOVEMENT OF
GLACIERS.

By P. L. Addison, F.G.S., Assoc. M. Inst. G.E.

TO
some readers there may not at first appear

anything very interesting in the movement of

glaciers. Such is, however, the case with many of

the phenomena in Nature, and it is not till we seek

to unravel the intricate relationship in the family

of physical forces, which produce great changes on the face

of the earth, that the interest becomes absorbed in that

which we thought worth little attention.

There is something so profoundly mysterious in the

regular method employed by Nature in carrying out her

designs, that if we simply recognize her work, without

even in a superficial manner investigating the method by

n hich it is produced, the " pith and moment '

' is all but lost

;

we, in fact, but look on the outside cover of a book of fairy

tales without enjoying the charming stories it contams,

and thus leave the " Rhymes of the Universe " unread.

We are familiar with the appearance of glaciers as they

lie in valleys and mountain clefts, and have observed how,

if two valleys converge and join one another, the ice-sheets

they contam combine in one mass, as two rivers would
do, although the ice forming the glaciers is often several

hundred feet Ln thickness, and seems to be an inert mass
of solid matter. There is no doubt, however, that a

glacier moves down the valley very much in the same way
as a river, but, of course, more slowly. The motion is

quicker on the surface, and slower at the bottom and at

the sides. But we must not carry this comparison any

further ; the physical conditions of the two streams are not

the same, and their motion, though in many respects

similar, is widely different in degree and origin.

It is hardly necessary to point out that a glacier does

not slide down the valley which contains it. The well-

proved differential movement, the inequalities of the ground
over which it passes, and the bends round which it has to

turn, render sliding motion impossible. And besides this,

the apparently rigid glacier creeps down slopes on which
soft clay or loose shingle remain practically immovable.

If we examine a piece of ice, say for example an icicle,

we find that it is exceedingly brittle : if thrown down upon
the ground, it breaks into many pieces. A piece of soft

clay can be bent or compressed into any shape with ease,

and yet an ice-sheet, of exactly the same composition as

the icicle, will steadily flow down slopes so gentle that

soft clay will stand on them without moving at all.

When a bed of clay moves down a hill- side the particles

of which it is composed slide past and roll over each other

till they come to a state of rest at the bottom, but as

the ice could not behave in this manner, other causes

must be sought to account for glacier motion.

There is a peculiar irregularity in the movement of

glaciers, which probably first led to the discovery of the

cause, and this is that the motion is quicker during the

day than at night, and the summer rate is often double

that attained during the winter. This shows that pressure

from behind cannot be the cause of the motion, for,

through the greater accumulation of ice and snow on the

higher levels, the pressure must be greater during the

winter season when the movement is least. The fact that

the motion of the ice-sheet is greater during the day than

in the night, and in summer than during winter, naturally

leads us to conclude that heat must indirectly have some-

thing to do with the phenomenon, for the movement is

greatest during that part of the twenty-four hottrs when
the ice is subjected to the sim's rays, and in the warmer
seasons of the year. An exammation of the physical pro-

perties of the glacier will show how it can be affected by

neat and yet, as a mass, remain in the form of ice.

When a thin slab of ice is subjected to microscopical

examination, it will be seen that it is not, as it appears to

the naked eye, a homogeneous mass of solidified water, but

a confused agglomeration of minute crystals, with cavities

equally minute lying between them. A glacier is simply

water in a crystalline state, and any motion in the mass in-

volves the movement of the crystals of which it is composed.

It has already been mentioned that the flow of the ice-sheet

is quickest at the centre and on the surface, and slowest at

the bottom and against the sides of the valley ; it follows,

therefore, as the motion is differential, that the ice crystals

in the centre of the glacier must pass by those composing

the sides and bottom. This appears to raise a difficitlty, for

if the minute crystals were to crash past one another, owing

to their travelhug at different speeds, they would soon be

ground to a fine powder. This does not, however, take

place, and the ice-sheet remains a solid and brittle mass.

We know that water freezes at a temperature of 32°

Fahr., and in doing so it gives out a certain amount of

heat and assumes a crystalline form, and at the same time

expands about ten per cent, in volume. In other words,

one cubic foot of ice at 32" Fahr. will only make -908 of a

cubic foot of water at the same temperature, and a cubic

foot of water at 32- Fahr. will expand to 1-102 cubic feet

of ice. If, therefore, water is compelled to assume a solid

condition, a mechanical force is at once exerted through

the necessary expansion of the substance in freezing.

An experiment was tried to keep water while it froze

enclosed in an iron bombshell thirteen inches in diameter.
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The shell was filled with water and the hole securely stopped
lip with an iron ping weighing three pounds. When the

freezing process began the water expanded, and something
had to give way in order to provide accommodation for its

increased bulk. So great was the force exerted that the

plug burst from the shell with a loud report and was
projected to a distance of nearly one hundred and forty

yards, and the ice protruded from the plug-hole in the

shape of an icicle eight inches in length. Another shell was
filled in a similar way, and the plug was more securely

fastened, but when the water froze the shell burst, and
the ice spread out all over the cracks. The mechanical
force exerted in both these experiments was unmistakable.

But let us note the peculiar behaviour of the ice. In

the one case it spurts out from the plug-hole and remains

form, some in the interspaces, and some outside. The
compressed water spread over the cracks, and through the

plug-hole in the shells, and there instantly turned into ice,

while other molecules of water inside, becoming solid, pushed

with irresistible force in all directions the crystals already

formed. Thus there was an expenditure of energy, and an
amount of work done by the water in giving up heat it had
derived from the sun, and in assuming a crystalline condition.

In order to make this point more clear, we may briefly

mention another well-known experiment with water and ice.

Take a pound of water, the temperature of which is 80°

on the Centigrade thermometer scale, and mix it with a

pound of water at 0°, or freezing point ; the mixture will

make two pounds of water, the temperature of which is

40^ Centigrade.

Jostedal Glauier, Korwav. Illustrating the zigzag course of a Glacier, with the source of supply in the distance,

and the terminal river in the foreground.
From a photoijmph by] [T'oifiifiiu- anil Soul!.

there, joined with the ice inside the shell, a brittle icicle

eight inches long. If the ice had been of the consistency

of putty, this form of protrusion is what one would have

expected, but when it occurs in a brittle and crystalline

substance, it demands thought and consideration.

On account of the very low temperature to which the

shells were subjected, the greater part of the contents would

be formed into ice. This is indeed a necessary condition

in order that sufficient pressure might be exerted to

prevent all the water from freezing. Inside the shells

there would be a crystalline mass, the minute interstices of

which would be filled with molecules of liquid water ready

to freeze the moment the pressure acting on them was
reduced. This moment arrived when the shells gave way.

The molecules of water began to assume a crystalline

Now take another pound of water at 80° Centigrade, and
mix with it a pound of crushed ice—that is, ice crystals—at
0° Centigrade, the same temperature as the cold water in

the first mixture, and the result is that we have two pounds
of water at freezing point.

In both cases the weight of matter at 0° Centigrade

introduced into the warm water was the same ; how then

is it that in the latter experiment the water is reduced
40° lower than in the former ? Before the ice-crystals

could assume a liquid condition they had to absorb a

certain amount of heat. That heat was drawn from the

warm water, and consequently reduced its temperature,

but it did not raise the temperature of the ice ; it simply

acted as energy in enabling the ice to become liquid, and
remained in that liquid in the form of latent heat, to be
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given up again as soon as the water reassumed a crystalline

form. One other question may very naturally occur to the

reader, namely, if heat is required to melt ice, how is it

that water and ice can exist separately at the same
temperature '? In the first place, water at freezing point

is in ail incipient state of crystallization ; and secondly,

from the commencement to the end of solidification the

temperature of a liquid remains constant.

Let us now attempt to apply the foregoing principles of

the expansion of ice on a small scale to the movement of

glaciers, and other great ice-sheets.

The sun, in expending its rays on the surface of the

glacier, does not raise the temperature of the ice of which
it is composed ; it, however, imparts energy, which, with

gravitation, causes the glacier to move along that path

where, as a whole, it finds least resistance to its motion.

The method may be thus described:—The heat of

the sun melts the ice on the surface of the glacier,

and it contracts in bulk on becoming liquid, and flows

downwards by the aid of gravitation into the interstices

between the ice-crystals below. Here the water is no
longer influenced by the sun's rays, and again becomes
crystalline, but the crannies and corners into which it

has found its way are not suitable in shape to contain

it in the form of crystals, and therefore in parcmg with
its heat it employs that irresistible force due to crystalli-

zation to make the cavities larger. In other words, it

pushes away the molecules surrounding it down the path
of least resistance. But we must not forget that the

molecules of water on becoming re-crystallized part with

latent heat. This heat is taken up by adjacent molecules

of ice, which, in their turn, become water, flow downwards
and exert pressure in the process of re-crystallization.

Thus, little by little, and from molecule to molecule, the

heat derived from the sun is transmitted through the

length and breadth of the glacier. The action is not at

one place alone, but permeates the whole mass. We
must look upon the glacier as an agglomeration of moving
molecules, which, having utilized gravitation to enable

them to flow downwards when in a liquid state, follow up
that movement by an overpowering pressure produced
during their process of re-crystallizatiou.

But liow is it, if a glacier is constantly receiving heat
on its surface which passes through its entire thickness,

that it does not in time all melt '? Like other rivers,

glaciers are constantly being fed with fresh material

from their sources and by tributaries, and this supply
neutralizes the waste which actually does take place, and
which is represented by the terminal streams of water

—

the origin of some of the greatest rivers in the world. A
glacier receives heat and energy from other sources than
the direct rays of the sun on its surface. Radiation from
the earth, and tepid water entering the larger fissures of

the ice, convey heat into the interior which, in its action,

produces exactly similar efl'eets to those caused by the
direct rays of the sun.

If this molecular theory of the movement of ice is the
true one, there is no difficulty in accounting for the
peculiar manner in which glaciers adapt their shape to the
inequalities of the ground over which they flow. It is true

that crevasses may be formed, o-wing to a sudden alteration

of slope producing a transverse strain across an ice stream,
and thus breaking it in two or forming deep cracks (to be
healed, eventually, by the process of regelation) before the
molecular movement can adapt the glacier to the form it is

required to take ; but if time is allowed, ice has shown
itself to possess wonderful qualities in adapting itself to

the nature of the valleys in which it moves.
Perhaps the most striking examples of this kind are

furnished, not by existing glaciers, but by those of the last

glacial period, when on Northern Europe the land ice

extended much farther south than it does at present, and
was of enormous weight and thickness. During that

period, rock basins, which now form large lakes, were filled

with ice, and in some instances it has been shown that

they were carved out of hard rock by glacial action.

The directions in which the ice moved during this cold

period in Northern Europe is ascertained from the marks
it caused to be made on the hard rocks over which it

passed. The striae are a certain indication of the trend of

the ice-flow, and prove that the ice not only travelled

down the slope into the rock basin, but that it also ruse up

the slope at the other end, although the surface of the

glacier might be several hundred feet above.

This fact demonstrates more conclusively than any other

example that could be given, the complex molecular move-
ment in every part of a glacier. If the ice had moved
by pressure from behind, and by gravitation, as it would
affect a mass of plastic clay, it would have first filled

the lake basin, and then continued to flow over the top.

But this was not the case. It moved on the top, it moved
in the middle, and it moved at the bottom ; each molecule

in the entire mass was constantly taking in energy from
heat and acting alone, and giving out energy and acting

in conjunction with its neighbours in converting that

energy into motion.

With regard to the striated surface of some of

the harder rocks over which a glacier has in bygone ages

flowed, it might at first be thought that these markings
pointed more to a sliding than to molecular motioQ.

It must, however, be remembered that the striae are

produced, not by the ice itself, but by graving tools

in the form of stones, which it carries with it in its

general motion. These stones, loosened from the ground,

become imbedded in the ice, cutting and grooving the

solid rock surfaces beneath, they themselves being ground
down in the process.

There is another circumstance which tends to prove

that glaciers in their interior are not inert masses of ice.

This is the habit they have of disgorging stones and other

foreign matter on their surface. An example of this

tendency is that a knapsack, having been dropped into a

crevasse, found its way to the surface of a confluent

glacier ten years later, and more than three-quarters of a

mile from the place where it had been lost.

There is, it appears, no means of arresting the move-

ment of glaciers except by cutting off entirely their supply

of heat, and this for a sufficient time to allow them to get

rid of that which they have already absorbed.

Perhaps the most interesting direction in which these

considerations lead us is towards the study of the action of

glaciers and ice-sheets during the last and former glacial

periods. Evidence of this action is to be found on every

hand, and it is often strange to think as we stand in the

warm sunshine in a pleasant wooded valley, decked with

every variety of vegetation, that about the time when man
apparently first appeared on the earth the place lay

himdreds of feet below a great sea of ice which over-

spread Northern Europe.

Enough has been said to draw the attention of the

reader to the means employed by Nature for carrying out

the work which she desires to perform. She employs

no labour nor constructs elaborate machines to do her

will, but, thi-ough the reciprocal relationship of the physical

forces, causes great changes to take place in the universe,

which, simple as they may seem to be in the abstract, like

the movement of glaciers, are, though complex in the

extreme, superbly accurate and efficient in every detail.
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NEW ANIMALS FROM MADAGASCAR.
By E. Lyuekkee, B.A.Cantab., F.E.S.

AT
a time when public attention is directed to

Madagascar as the scene of an impending war,

our readers will doubtless be glad to hear

something of certain new discoveries which have

recently thrown much additional light on the

past zoological history of this most interesting and

remarkable island. Probably many of them are aware

that the Malagasy fauna difl'ers most strikingly from that

of the African mainland, in spite of the small extent of sea

by which the two areas are separated from one another ;

and it is evident that although the ancestors of the

majority of the animals now inhabiting Madagascar

obtained an entrance by means of a former land connection

with East Africa, yet the date of that connection must

have been extremely remote. At the present day, Africa

south of the Sahara desert is specially characterized by

the numbers of species of antelopes of various genera

which swarm on its open plains, as well as by giraiies,

zebras, rhinoceroses, elephants, hippopotami, wart-hogs,

bush-pigs, lions, leopards and various other large cats,

baboons, man-like apes, and ostriches. On the other

hand, with the exception of one living species of bush-pig

and a fossil hippopotamus, not a single representative of any

one of these groups is met with in the adjacent island ; and,

as has been pointed out by Mr. Wallace, it would appear

quite probable that both the pig and the hippopotamus

may have obtained an entrance by being carried across the

channel— possibly at a time when it was somewhat less

broad than at present. In place of the animals mentioned

above, we find in Madagascar numbers of lemurs, all belong-

ing to genera and species distinct from those inhabiting

either Africa or India, and so numerous that they form nearly

one-half of the whole mammalian population of the island.

Civet and ichneumon-like carnivores, likewise pertaining to

peculiar genera, are also abundant, and these seem to affiliate

the fauna to Africa rather than to Asia, seeing that such

animals are more numerously represented in the former

than in the latter continent. Among the most remarkable

of these civet-like creatures is the so-called fossa

(Cruptoproda), which has a uniformly sandy coat, and

may be compared in point of size to a short-legged lynx
;

this creature differing so markedly from all its allies as to

be entitled to represent a distinct sub-family by itself. It

has, indeed, been considered that the fossa is closely allied

to certain extinct carnivores from the lower Tertiary

deposits of Southern Europe, and although some writers

are disinclined to accept the relationship, it is not

improbable that the theory is well founded. One of the

most remarkable features connected with the mammalian
fauna of the island is the circumstance that the family of

the insectivorous order known as the Centetidce is repre-

sented elsewhere only in the West Indies, although the

generic forms inhabiting the two areas are distinct.

Another apparent indication of American aftinities is

afforded by the presence of iguana lizards (Ii/uoniihv),

which are now unknown in any other part of the Old World

except the Fiji and Friendly Islands. Iguanas are, how-

ever, found in a fossil state in the lower Tertiaries of

Europe, and it therefore seems probable that their present

anomalous geographical distribution may be explained by

dispersal from a common northern centre, although it has

been thought to indicate a connection between Madagascar

and South America. If this be so, a similar explanation will

hold good in the case of the Centetiche, although, in spite

of statements to the contrary, these have not yet been dis-

covered in a fossil state. It will likewise serve with regard

to the occurrence of an identical genus of freshwater tor-

toises in ]\Iadagascar and South America, and also of certain

resemblances between Malagasy and Australian reptiles.

With regard to the former connection between Mada-
gascar and the mainland, the occurrence of marine strata of

Eocene age in Egypt and other parts of Northern Africa

proves that, at the period of their deposition, the portion of

the latter continent lying to the south of the Sahara was
cut oif from Europe and Asia by an arm of the sea, so as to

form an island-continent, in the same way as was South
America during some part of the Tertiary epoch. Probably,

soon after this, or in the upper Eocene period, this

Ethiopian island, as it may be called, of which Madagascar
evidently formed a part, was temporarily connected with

the northern land, when it received its fauna of civets,

lemurs, and insectivores, which a subsequent disconnection

allowed to develop without persecution from higher forms

of later age. During this time Madagascar became
separated, and in the upper Miocene or lower Pliocene age

Southern Africa once more became connected with Europe
and Asia, which (like North America) were then the home
of the various large mammals mentioned above, as well as

ostriches. This connection thus allowed a later and more
highly organized fauna to sweep over Asia, where it found

a free field to develop at the expense of creatures of a lower

type. On the other hand, the isolation of Madagascar
allowed the more primitive fauna to remain there unmo-
lested, and to attain a richness of development which was
never reached elsewhere. As to the date when the

ancestors of the gigantic flightless Malagasy birds known
as .]\pi/iiniis obtained entrance into the island, further

evidence seems necessary, as we are not at present aware
that any nearly allied forms existed in the European
Eocene, unless, indeed, we are to look upon (instornis of

the London Clay and corresponding strata of the Continent

in that light. The giant tortoises, whose remains are

found in the superficial deposits of Madagascar, belong to

a group which was widely spread over Europe in Tertiary

times, and their ancestors may consequently have entered

with the primitive insectivores, civets, and lemurs. From
Madagascar, according to the views of Mr. Wallace, the

adjacent islands, which, in comparison, are exceedingly

poor in mammals, received tuch forms of life as were
capable of crossing the intervening sea ; while, in their

turn, they formed the stepping-stones by means of which
the larger island was populated by such Indian birds and
insects as had been able to reach them.

At the present day, the existing lemurs of Madagascar
may be compared in point of size to small or medium-
sized monkeys, the largest of them—the short-tailed

indri—not measuring much more than a yard in length.

The investigations recently carried on by various intrepid

explorers in the island have, however, revealed the fact

that up to a very late period Madagascar was the home of

a lemur vastly exceeding in size any of the existing

representatives of the group, and which in this respect

may be compared to the great West African baboon known
as the mandril. This giant lemur {Mi'iinladaph, as it is

called by its describer, I)r. Forsyth Major) is known by the

somewhat imperfect skull and lower jaw, which are about
three times the dimensions of those of the indri. The interest

of this animal is, however, by no means confined to its

comparatively gigantic proportions, since while its skull and
leeth conform in their general structural features to those

of the existing members of the group, they are specially

modified m a manner altogether peculiar. The most
striking peculiarity connected with the skull is the extreme
slenderness of the hinder portion containing the brain in

comparison with the great elongation of the face ; the
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latter seeming out of all proportion to the former. In this

respect, indeed, the skull presents a curious resemblance
to the so-called dog-faced baboons of Africa ; as it

also does in the strongly-marked ridges it bears for

the attachment of powerful muscles. Such resemblances,
however, it is almost needless to observe, are merely
superficial, and must by no means be taken as indi-

cative of any genetic relationship between the two
groups ; and if a young skull were forthcoming, it is

probable that we should find this much less unlike ordinary
lemurs. Another peculiarity of the giant lemur is to be

found in the more lateral position and wider separation of

the sockets of the eyes, which are also relatively smaller

than in existing forms, thus indicating that the habits of

the animal were less completely nocturnal than those

of the latter. The molar teeth of the upper jaw are

characterized by the presence of only three tubercles

on the crown, owing to the fusion of the two inner ones of

the four-columned molars of ordinary lemurs ; a few of the
smaller existing species having, however, teeth of a nearly
similar type. Although in the type skull the front teeth

are wanting, the form of their sockets shows that they
must have been very similar in general form to those of

living lemurs. In many respects the skull shows a
marked resemblance to that of the European Tertiary

lemur known as Ada/n's, a feature of especial interest in

regard to what we have said as to the origin of the
Malagasy fauna from that of the Eocene period in Europe.
The remains of the giant lemur were discovered in the

great marsh of Ambolisatra, and their slightly mineralized
condition indicates their comparatively recent age. Indeed,
there is but little doubt that the creature has been killed

off within the human period, and in his history of

Madagascar, published iu 1658, De Flacourt writes in the
following terms of an animal then inhabiting the island,

which, if not actually the giant lemur, would appear to

to have been a closely allied form. He writes that
" Tretretretri: ou Tmtratratra, c'est un animal gros comme
un veau de deux ans qui a la tete ronde et une face

d'homme ; les pieds de devant comme un singe et les pieds

de derriere aussi. II a le poil frisote, la queue courte et

les oreilles comme celles d'un homme. II resemble au
Taitiiche d'escrit [sic] par Ambroise Pare. II s'en est vu
un proche I'etang de I.ipomani, aux environs duquel est

son repaire. C'est un animal fort solitaire, les gens du
pays en ont grand peur et s'enfuient de lui comme lui

aussi d'eux." With the exception of the roimded head
and the size (which is doubtless exaggerated), this

description accords remarkably with the giant lemur, and
when the head was covered with fur it is probable that it

would appear much less elongated than does the bare
skull.

The giant lemur is, however, not the sole extinct member
of the group recently brought to light, since the hinder
part of a skull indicates another large species belonging to

a new genus, but apparently allied to the existing Malagasy
lemurs known as Hiip<ilcmur.

Although the extinct Malagasy hippopotamus (H./«'»)?>7('()

was named as far back as 1868, it is only recently that we
have become fully acquainted with its affinities. In spite

of its smaller size, it appears to have been nearly allied to
the living African species. As it is somewhat difficult to
believe that a hippopotamus and a bush-pig could have
swum a channel of the width of that separating Madagascar
from the mamland, it is not improbable that in the latter
part of the Tertiary period this was much narrower

—

perhaps not more than ten miles in width.
From the same marsh of Ambolisatra which yielded the

remains of the giant lemur have been obtained the eggs

and bones of the gigantic Malagasy birds known as
.¥,pyonuf:. From the enormous dimensions of the eggs
(one of which was recently sold in London for upwards of

sixty-seven pounds) it was evident that some of these birds

must have been of gigantic proportions, but till lately bones
had not been obtained of commensurate size. Certain

limb-bones recently received by Mr. Walter Rothschild

enable us, however, to realize the gigantic stature attained

by the largest species of these birds— a leg-bone, or tibia,

measuring no less than thirty-two inches in total length.

Probably some of the species of these giant flightless

birds lived within the human period, although we have no
historical evidence to this eftect. The same is the case

with regard to the large land-tortoises of Madagascar, two
very fine shells of which have been acquired within the

last few years.

From the foregoing observations it will be gathered

that the new discoveries regarding the latest extinct

animals of Madagascar merely serve to amplify our know-
ledge of the fauna, and in nowise invalidate the con-

clusions previously drawn as to its past history. Investiga-

tions carried on among the older rocks have, on the other

hand, thrown au entirely new light on the state of the

island during the secondary epoch of geological history,

and have likewise a very important bearing on the evolution

of the surface of the earth as a whole. For many years

it has been known that marine rocks of .Jurassic and
Cretaceous age occur on the west side of the island, but

there does not appear to have been any decisive evidence

that during these epochs Madagascar itself was in existence.

The recent discovery of remains of land reptiles corre-

sponding very closely with some of those from the .Jurassic

rocks of Europe, enables us now to say with confidence that

land here existed in this region from at least the date of the

earlier of the two epochs in question. The first of these two
reptiles is known by portions of the skull and jaws, which
prove that it belonged to a European Jurassic genus of long-

snouted primitive crocodiles, to which the name of Steneo-

saunis has been applied, this genus having been hitherto un-

known elsewhere than iu Europe. Still more interesting are

a number of gigantic vertebrfe and limb-bones described in a

paper just read by the writer before the Geological Society.

If our readers can recall an article entitled " Giant Land
Eeptiles," published some years ago in Kno^xedge,* they

may remember that the so-called dinosaurs are divided

into three main groups, one of which has been designated

by the name of sauropodous, or lizard-footed. These

enormous reptiles, which are the largest known to science,

and are well represented in the .Jurassic and Cretaceous

rocks both of Europe and the United States, are specially

characterized by the presence of large cavities on each side

of the vertebrfe of the neck and trunk, such cavities

generally communicating with honeycomb-like excavations

in the body of the bone itself. The Malagasy representative

of the group, which appears to have been fully as large as

its European cousins, belongs to a hitherto very imperfectly

known genus, first described from the Jurassic rocks of

England, under the name of BotJiriospowIi/lus. Thanks to

the new specimens, we are now enabled to state that this

genus diii'ers fi'om the others of the group in that the

lateral cavities of the vertebrfe had no connection with any

honeycombing of the interior, which was, in fact, solid.

Interesting as is this circumstance, it fades into insignificance

in comparison with the light thrown by these and other

representatives of the same group on the past history of the

globe in general.

•Republished in ''Forms and Phases of Animal Life," by the

present author.
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We have said that aauropodous dinosaurs have long
been known from Europe and North America, and some
years ago the writer had the good fortune to make known
the occurrence of a member of the same group in the

Cretaceous rocks of India, under the name of Titanosaurns.

The same genus was subsequent!}' identified from the

corresponding rocks of England, and only last year the

writer was enabled to describe the remains of yet another
species from the approximately corresponding deposits of

Patagonia.

We have thus evidence that gigantic sauropodous
dinosaurs ranged over Europe, India, Madagascar, and
North and South America during the Jurassic and Creta-

ceous periods ; one of the genera being common to such
widelj'-separated areas as Madagascar and England, and a

second to India, England and South America, while several

probably ranged over Europe and the United States. It is

further evident that when the Bdtliriospondi/hi.i flourished

in Madagascar, that island was joined to Africa, as it is

most unlikely that such a gigantic animal could have been
restricted to such a comparatively small area as the former

;

and we may accordingly assume that the group then
ranged over Africa, which we know from other evidence to

have been land during the epoch in question. Accordingly,

we conclude that during Jurassic and early Cretaceous
times almost the entire world was inhabited by closely-

allied gigantic land reptiles, and thus not only that its

fauna was practically similar, but that all the great con-

tinents were intimately connected with one another, and
that the insulation of large areas like peninsular India,

Africa south of the Sahara, and South America, which
formed such a remarkable feature of early Tertiary

geography, was then quite unlmown. Since Australia, at

or about the same epoch, was apparently more or less

closely connected with Asia, we conclude that both the

evolution of distinct regional faunas and the separation of

large southern island-continents (now, for the most part,

reimited with more northern lands) took place during the
Tertiary period.

We may mention, in conclusion, that geologically

Madagascar may be roughly divided into two distinct

areas by a north-and-south bisecting line. To the right,

or east, of this line the country is composed of granite,

gneiss, basalt, and other rocks of igneous origin ; while to

the left, or western, side it consists of sedimentary strata

ranging in age from the Jurassic to the Tertiary epoch.
The old crystalline area may very probably have existed as
land ever since the period when the giant dinosaurs ranged
over its surface ; and it maybe suggested that the Jurassic
and Cretaceous sea separating this old land from the

continent was merely a gulf, and that either the southern
or northern extremity of Madagascar was then in union
with the mainland.

THE FACE OF THE SKY FOR MARCH.
By Herbert Sadler, F.R.A.S.

FINE groups of spots still occasionally appear on the

solar surface. There will be a small partial

eclipse of the Sun on the morning of the 25th
(magnitude of the greatest phase 0-86) which is

just visible at Greenwich, where the eclipse com-
mences at 9h. 5Gm. a. jr., at an angle of 49^ from the north

pole towards the west
;

greatest phase lOh. 10m. a.m.

(magnitude about yjgth); ends at lOh. 23m. a.m. Condi-

tions improve as we go west, about y\;th of the disc being

obscured in the west of Ireland. Conveniently observable

minima of Algol occur at Oh. 89m. p.m. on the 19th, and
6h. 28m. P.M. on the 22nd.

Mercury is too near the Sun during March to be available

for the purposes of the amateur.
Venus is an evening star, and is getting into a better

position for observation. On the 1st she sets at 7h. 88m.
P.M., or 2h. after the Sun, with a southern declination of
0° 8', and an apparent diameter of lOf", y^^^ths of the disc

being illuminated. On the 12th she sets at 8h. 13m. p.m.,

with a southern dechnation of 5° 38', and an apparent
diameter of ll'O", tVo^'^s o^ '^^ '^'^^ being illuminated.

On the 22nd she sets at 8h. 45m. p.m., or two hours and
a half after the Sun, with a northern dechnation of
10° 36", and an apparent diameter of IItV', tW'''^^ °^ the
disc being illuminated. On the 31st she sets at 9h. 14m.
P.M., or two hours and three-quarters after the Sun, with a
northern declination of 14° 44', and an apparent diameter
of 11|", Y^jths of the disc being illuminated. During
the month she passes through Pisces into Aries, without
approaching any conspicuous star very closely.

Mars is, for the purposes of the amateur, invisible.

Jupiter is an evening star, and is well situated for

observation. On the 1st he sets at 3h. 26m. a.m., with
a northern declination of 23° 21', and an apparent equa-
torial diameter of 40'5", the phase on the / limb amounting
to 0-35". On the 13th he sets at 2h. 41m. a.m., with a
northern declination of 23° 23', and an apparent equa-
torial diameter of 39". On the 23rd he sets at 2h. 6m.
a.m., with a northern dechnation or 23° 26', and an
apparent equatorial diameter of 37|". On the 31st he sets

at Ih. 33m. a.m., with a northern declination of 28° 27',

and an apparent equatorial diameter of 36-8". He is in

quadrature with the Sun on the 18tb. During March he
describes a direct path in Gemini. The following pheno-
mena of the satellites occur while the Sun is more than
8° below and Jupiter 8° above the horizon :—On the 5th
an occultation disappearance of the third satellite at

7h. 53m. P.M., audits occultation reappearance at lOh. 48m.
P.M. ; an occultation disappearance of the second satellite at

llh. 6m. P.M. On the 6th a transit ingress of the first

satellite at Oh. 42m. a.m. ; an eclipse disappearance of the
third satellite at Ih. 4m. 43s. a.m. ; on this morning, from
Ih. 5m. a.ji. to 8h. a.m., Jupiter will appear to be attended
by one satellite only, the fourth ; an occultation disappear-

ance of the first satellite at 9h. 56m. p.m. On the 7th an
eclipse reappearance of the first satellite at Ih. 2Sm. 3s.

A.M. ; a transit ingress of the first satellite at 7h. 10m.
p.m. ; a transit ingress of the shadow of the second satelhte

at 8h. 16m. p.m., a transit egress of the satellite itself at

8h. 23m. P.M. ; a transit ingress of the shadow of the first

satellite at 8h. 27m. p.m. ; a transit egress of the first

satellite at Oh. 27m. p.m., a transit egress of its shadow at

lOh. 45m. P.M. ; a transit egress of the shadow of the

second satelhte at lOh. 57m. p.m. On the 8th an eclipse

disappearance of the fourth satelhte at 7h. 24m. 14s. p.m.,

an eclipse reappearance of the first satellite at 7h. 57m. 3s.

P.M., an echpse reappearance of the fourth satellite at

9h. 18m. 28s. p.m. On the 12th an occultation disap-

pearance of the third satellite at llh. 49m. p.m. On the

13th an occultation disappearance of the first satellite at

llh. 51m. P.M. On the 14th a transit ingress of the

second satellite at 8h. 21m. p.m. ; a transit ingress of the

first satellite at 9h. 4m. p.m. ; a transit ingress of the

shadow of the first satellite at lOh. 22m. p.m. ; a transit

ingress of the shadow of the second satellite at lOh. 54m.
p.m. ; a transit egress of the second satellite at lOh. 59m.
p.m. ; a transit egress of the first satellite at llh. 21m.
P.M. On the 15th a transit egress of the shadow of the

first satellite at Oh. 40m. a.m. ; an eclipse reappearance

of the first satellite at 9h. 52m. 48s. p.m. On the 16th a

transit ingress of the shadow of the third satellite at
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7h. 8in. P.M. ; a transit egress of the shadow of the first

satellite at 7h. 9m. p.m. ; an eclipse reappearance of the

second satellite at 8h. 7m. 6s. p.m. ^ a transit egress of

the shadow of the third satellite at lOh. 12m. p.m. On
the 21st a transit ingress of both the first and second

satellites at lOh. 59m. p.m. On the 22nd a transit ingress

of the shadow of the first satellite at Oh. 18m. a.m. ;
an

occultatiou disappearance of the first satellite at 8h. 15m.

P.M. ; an eclipse reappearance of the first satellite at

llh. 48m. 33s. p.m. On the 23rd a transit egress of the

first satellite at 7h. 45m. p.m. ; a transit egress of the third

satellite at 8h. 52m. p.m. ; a transit egress of the shadow
of the first satellite at 9h. 4m. p.m. ; an eclipse re-

appearance of the second satellite at lOh. 42m. 34s. p.m.
;

a transit ingress of the shadow of the third satellite at

llh. 8m. P.M. On the 29th an occultatiou disappearance

of the first sateUite at lOh. 12m. p.m. On the 30th a

transit ingress of the first satellite at 7h. 24m. p.m. ; an

occultation disappearance of the second satellite at 8h. 8m.
P.M. ; a transit ingress of the shadow of the first satellite

at 8h. 41m. p.m. ; a transit egress of the first satellite at

9h. 41m. P.M. ; a transit ingress of the third satellite at

lOh. Om. P.M. : a transit egress of the shadow of the first

satellite at lOh. 59m. p.m. On the 31st an eclipse

reappearance of the first satellite at 8h. 13m. 10s. p.m.

Saturn is an evening star in March, in the sense of

rising before midnight. On the 1st he rises at lOh. 39m.
P.M., with a southern declination of 11° 25', and an
apparent equatorial diameter of 9'1" (the major axis of the

ring-system being 41|" in diameter, and the minor 13").

On the 12th he rises at 9h. 53m. p.m., with a southern

declination of 11° 15', and an apparent equatorial diameter

of 9-2" (the major axis of the ring-system being 42^'' in

diameter, and the minor 13 J On the 22nd he rises at

9h. 11m. P.M., with a southern declination of 11° 4', and
an apparent equatorial diameter of 9'3" (the major axis

of the ring-system being 42J" in diameter, and the minor
18i"). On the 31st he rises at 8h. 32m. p.m., with a

southern declination of 10° 52', and an apparent equatorial

diameter of 9-4" (the major axis of the ring-system being

43f" in diameter, and the minor 13j"). Titan is at his

greatest eastern elongation at lOh. p.m. on the 14th, and
8|h. P.M. on the 30th. lapetus is in inferior conjunction

on the 14th. During March, Saturn pursues a short

retrograde path in Virgo, to the north-east of X Virginis.

Uranus rises at midnight on the 1st, with a southern
declination of 17° 23', and an apparent diameter of 3'8".

On the 31st he rises at 9h. 58m. p.m., with a southern

declination of 17° 15'. During March he pursues a

retrograde path in Libra, being very near the 6^ magnitude
star 26 Librse towards the end of the month.

Neptune is an evening star, and is still well situated for

observation. On the 1st he sets at 2h. 14m. a.m., with
an apparent diameter of 2-6", and a northern declination

of 20° 55'. On the 31st he sets at Oh. 14m. a.m., with a
northern declination of 20° 59'. During March he
describes a short direct path to the south-west of « Tauri.

March is not a very favourable month for shooting
stars.

The zodiacal light should be looked for after sunset in

the south-west during the absence of the Moon.
The Moon enters her first quarter at Oh. 40m. p.m. on the

4th ; is full at 8h. 3Hm. a.m. on the 11th ; enters her last

quarter at 5h. 32m. p.m. on the 18th ; and is new at

lOh. 25m. A.M. on the 26th. She is in perigee at Ih. a.m.

on the lOth (distance fi-om the earth 223,220 miles), and
in apogee at 7h. a.m. on the 22nd (distance from the earth

251,960 miles). There will be a total eclipse of the Moon
on the morning of the 11th; magnitude of the eclipse

(Moon's diameter — 1), 1-61. The first contact with the

penumbra takes place at Oh. 58m. a.m., with the shadow
at Ih. 54m. a.m. (at 127° from the northernmost point of

the limb towards the east) ; commencement of totality,

2h. 52m. A.M. ; middle of total phase, 3h. 39m. a.m. ; end
of totality, 4h. 27m. a.m. ; last contact with shadow,

5h. 24m. A.M. (at 69° towards the west) ; last contact with

penumbra, 6h. 20m. a.m. Sun rises 6h. 26m. a.m.

Q^tns Column.
By 0. D. LooooK, B.A.Oxon.

Communications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Solution of February ProhUm (A. G. Fellowes).

Key-move— 1. P to Kt3.

If 1. ... K to K4, 2. B to B6ch, or 2. Kt to K6, etc.

1. ... K to Kt6, 2. Kt to K6, or 2. Kt to B5ch, etc.

1. . . . K to K6, 2. E to K2ch, etc.

This problem appears to abound in dual or even triple

continuations. It seems unnecessary to print them all.

Correct Solutions received from Alpha, J. T.

Blakeinore, N. Alliston, F. G. Ackerley, F. V. Louis, A.

Louis, W. Willby, E. W. Brook.

Additional solutions of January problems have been

received from Beta (No. 1), J. M'Eobert (No. 2).

Alpha.—It seems doubtful whether our solvers would try

a five-move problem. Three moves are, as usual, the

popular limit.-

A. V. Challenger.—Many thanks for the problem, which

appears below.

J. T. Blakemore.—Thanks. It shall appear next month.

N. Alliston.—Key perhaps rather weak, but the problem

seems sound, and is marked for publication.

7'". (r. Aekerley.—The whole of your solution is not quite

intelligible, but you evidently intend the correct key.

We have received for review The Art of C/wss, by James

Mason (Horace Cox), price five shilUngs net.

We have also received a collection of One Hundred Chess

Problems, by E. Orsini, one of the most prominent Italian

composers. The specimens, one of which is appended

below, range from two-move direct mates up to a seventeen-

move sui-mate.

PROBLEMS.
No. 1. By E. Orsini (Selected).

Black (11).

m

m wm
'^fel#i,.B »
m....J

i d
* 3,. «

m
mm. mm, ''ffm-,

White (7).

White mates in three moves.
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No. 2. By A. C. Challenger.

Black (9).

mm
m ...m m m^ \%,i

. =
p ^' :|mWM
:i:^p^i

^ ^^ ^ i^^^
White (7).

White mates in two moves.

CHESS INTELLIGENCE.

We have received the following letter for publication.

The Hastings Chess Club Las lately occupied a very pro-

minent position in the Chess world, and we hope that

their enterprising action will meet with the success that

it deserves. The Chess Editor of Knowledge will gladly

receive and acknowledge in this column any subscriptions

towards the tournament fund.

INTERNATIONAL CHESS TOURNAMENT.
Hastin&s and St. Leonarbs Chess Club.

February \st, 1895.

Deae Mb. Editor,—There have been frequent statements in the

Press of late that it is desirable to hold an International Chess

Tournament in England this year, and a TrisU has been expressed

that some club would take the matter up.

As it is nearly fire years since the Manchester Tournament was

held, the time is surely ripe for another meeting of the English and
foreign masters.

Acting on these considerations, the executive of the Hastings and

Bfc. Leonards Chess Club, first sought, and obtained, the promise of

cordial support from the Chess editors of the principal London papers.

An endeavour was then made to see what funds could be raised

locally, and the president, John Watney, Esq., and one of the vice-

presidents, Horace Chapman, Esq., at once gave a promise of £50
each, and the club and its friends in the town responded with further

contributions of about £150, making a total of £250 up to the present

time.

The committeu consider that in these circumstances they are

justified in applying to the Chess players of the L^nited Kingdom
to give them their generous support, financially and otherwise, so that

the tournament may be a complete success.

As the co-operation of the entire Chess community is anxiously

sought, a notice will be sent immediately to every club and

association in the United Kingdom, asking for assistance, and seeking

permission to add the name of its president to the list of patrons.

It is intended to hold the tournament in Hastings in August, and

as it is a very popular seaside resort, within easy distance of London,

the situation is convenient.

The committee pi-opose to allow a month from now to elapse for

the receipt of letters of suppoi-t and further subscriptions, before

issuing a fuller statement of plans and arrangements.

It is hoped that the subscriptions will be sufficient to enable a minor

tournament to be played at the same time.

Contributions may be sent to the Hon. Treasurer, A. H. Hall, Esq.,

33, London Road, St. Leonards, or may be paid direct into the

"International Chess Tournament Fund," at the London and

County Bank, Hastings.

Hoping that the course taken will commend itself to the Chess

world,
I remain, sir, yours faithfully,

Heebeet E. Dob ell, Hon. Sec

andThe match played at Paris between Janowsky

Mieses terminated in a draw. Each player won six

games, and two were drawn. The games are not free from

oversights, especially on the part of the German player,

but there are some good examples of Janowsky's elegant

style of conducting a winning attack.

The match by cable between the British Chess Club,

London, and the ^lanhattan Club, New York, is definitely

fixed for Saturday, JMarch Ofch. Each club will be repre-

sented by ten players.

The match played at the Manhattan Club between
Messrs. J. W. Showalter and A. Albin terminated, after a

protracted struggle, in a victory for the American amateur,
the final score being Showalter 10, Albin 7, drawn 8.

In the Southern Counties Chess Union, Surrey have
scored an easy victorj' over Hants, while Susses have
beaten Kent by default. Should Surrey succeed in

defeating Kent, the tie match between Surrey and Sussex
will probably be replayed.

The Hastings Chess Festival was this year again a great

success. The consultation games resulted as follows :

—

J. H. Blackburne and Dr. Colborne beat I. Gunsberg and
Dr. Balingall ; I. (lunsberg and C. D. Locock beat H. E.

Bird and F. W. Womersley ; H. E. Bird and H. Chapman
beat .T. H. Blackburne and E. Gillies.

Mr. Blackburne's blindfold performance against an
unusually strong local team resulted in four wins to the

single player, and two drawn games with IMessrs.

Womersley and Aloof.

Simultaneous exhibitions were given by Messrs. Bird

and Gunsberg. ^Ir. Gunsberg's score was—won 20,

drawn 2, lost 2. Mr. Bird was not quite so successful,

his state of health being evidently unequal to the severe

strain.

The proceedings on the last day were varied by a visit

from the Athenseum Chess Club, London, who played an
interesting match with the Hastings Club. The match
ended in a tie ; the local club, aided by some luck, being

signally successful on the top boards.
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THE CIRCULATION OF WATER IN THE
ATMOSPHERE OF MARS.

By Camille Flammakion, F.E.A.S.,

Author of " Astronomie Populaire," " Les Etoiles," " I^g
Terres du Ciel," " La Planete Mars,'' etc.

THE circulation of water on the earth's surface is

necessary for terrestrial life. All living creatures
are essentially composed of water—the human
body itself contains it in the proportion of
seventy per cent.—all require it to live. We have

no right, however, to assert that the same law prevails on
all the other worlds of the universe ; indeed, the study of
nature teaches us to be guarded in our assertions, inasmuch
as nature herself shows us that she is infinite in the
variety of her productions. Should one world be absolutely
destitute of water, this is no sufficient reason for us to
declare it to be uninhabited. Do not let us attempt to
shut up our ideas in a nutshell. Man, deprived of oxygen,
dies, yet, even on our little planet, there are beings to
which oxygen is fatal.

Still, the orbs of any given planetary system have certain
affinities of origin, especially when next-door neighbours,
like Mars and the earth. On Mars we observe polar snows
which are very extensive at the end of every winter,but which
by the end of summer have almost entirely disappeared. Is

this snow formed of water of the same chemical composi-
tion as that of our earth ? Possibly, nay probably, it is.
And what is water? It is an oxide of hydrogen.

Now oxygen and hydrogen are diffused through all space,
and may be regarded a.s, in some sort, primordial elements.'
We may suppose that the combination of those two
elements is produced on Mars and Venus in the same
manner as on our earth, for all our observations concur in
favour of this conclusion.

But the physical condition of water differs in different
worlds, varying according to the temperature, atmospheric
pressure and dimensions of the planet, the distribution of
its climates, its geological and geographical conditions, its
density, &c. Observation leads us to the conclusion that
the circulation of water on the surface of Mars is by no
means carried out according to the laws that govern its
circulation on the surface of our earth.

Here the mechanism is tolerably simple. Three-
quarters of the globe are covered with water, evapoi-ation
is considerable, the atmosphere is dense, solar heat
perpetually draws off a great quantity of water from the
ocean surface, raises it in the form of invisible vapour to a
certain height, where it condenses into clouds, and where
wmds of considerable power, that owe their force directly to
the density of our atmosphere, carry the clouds across conti-
nents. Thus transported, aqueous vapours, by dissolving
into rain or clouds, give their origin to springs, brooks"
streams, and rivers, and bear back to the sea the water that
has been raised from it by the action of the sun's rays.
We may estimate the volume of water thus annually

carried off by the atmosphere at 721 trillions (721 x lO'-)
of cubic metres—that is to say, about the 4400th part of
the total amount of sea water, which is estimated at 3200
quadrillions of cubic metres. Supposing the ocean-bed were
emptied, it would take forty-four thousand years for all the
tidal rivers of the world to fill it again. The solar heat
used in effecting this process of evaporation of watery
vapour thus raised to the mean height of the clouds would
melt eleven thousand millions of cubic metres of iron a
year—that is to say, a much more considerable mass than
the whole mountain range of the Alps. In the space of a
year each square metre of the earth's surface receives
2,318,157 of calories—/.c, more than twenty-three
thousand millions of calories per French hectare, that is
to say, 9,852,200,000.000 kilogrammetres. The sun's
heat-radiation exercised on one of our hectares develops
over that area, under a thousand varied forms, a power
equivalent to the continuous working of 4163 horse-power.
Over the whole earth its force is of 510 sextillions of kilo-
grammetres, or 217,316,000,000,000 horse-power.

But very different conditions obtain on the surface of
Mars. In the first place, the heat which that planet
receives from the sun is less, its distance being 1-52, or
about half as much again as that of the earth, and the
quantity of heat being 0-43, say less by more than one half
than we receive here. But, on the other hand, on Mars
the year is nearly as long again as our year, being of 688 or
689 days. The heat accumulated on one of its hemispheres
during summer would suffice to melt a thick layer of snow,
although on the earth, which is nearer to the sun, the six
months of the summer season are not sufficient to do so.
When the snow begins to melt, a small supply of additional
heat^ is often sufficient to complete the dissolving process.
We must now consider another point of the greatest

importance. Our terrestrial atmosphere is very heavy.
At the sea level this atmospheric pressure is equivalent to
a column of mercury of 0-760 metre. The pressure is of
1033 gi-ammes to the square centimetre, or of 103 kilo-
grammes to the square decimetre, or 10,830 kilogrammes
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to the square metre. Now the earth's total superficies is

of about 510 millions of square kilometres ; the whole
atmosphere, therefore, weighs 5 quintillions, 268 quad-

rillions of kilogrammes—that is to say, a little less than
the millionth part of the weight of our terrestiial globe.

The Martian atmosphere is incomparably lighter.

Gra^^ty at the surface of Mars being much feebler than at

the surface of our earth (0-37G), all bodies there weigh less in

the same proportion, and the atmosphere is in the same case.

If every square metre of the surface of Mars supported the

same atmosphere as ours, the pressure of that atmosphere
would be reduced in the preceding proportion ; that is to say,

that the barometer, instead of being at 760 millimetres at

the sea level, would only be at 286 millimetres. This is the

pressure which we find in a balloon at a height of 8000
metres, or on the summits of lofty mountains. At the

summit of Mont Blanc the pressure is one of 424 millimetres.

It is very certain that the atmosphere of Mars is not

analogous to ours, and that water there is not in the same
condition as with us ; for if it were so, the temperature

at the planet's surface would be below zero, even without

taking into account its greater distance from the sun, and
we should have before our eyes a globe of ice, which is not

the case. On the contrary, we discover on Mars snow con-

fined within well-defined hmits, and these limits vary with

the temperature, and if we observe a Martian hemisphere
during its summer it has less snow at its pole than we have at

ours. Those patches of snow that we perceive from time to

time at certain points of the temperate region s are also melted.

Both observation and calculation bring us to the

conclusion that this atmosphere of Mars is less dense
than ours, that it forms less cloud, that its currents have
less intensity, that its winds are never very high, and that

it is visited by no tempests. Its conditions as to density

and pressure are very difi'erent from those that prevail

here. On Mars, evaporation must be easy and rapid

;

the boiling point there is doubtless about 46' instead of

100°. The zero point at which water freezes is not the

same as on our planet. Its atmosphere cannot be either

chemically or physically the same as ours.

Its mean temperature may be higher than that of the

earth. The effects observed correspond to a higher mean
degree of ambient heat relatively to the collective conditions

of both planets.

We know that the atmosphere serves as a hothouse for

the conservation of the heat derived from the sun, and to

prevent its loss by radiation into space, but it is not air

properly speaking—the mixture of oxygen and nitrogen

—

that possesses this property, but aqueous vapour. A
molecule of water vapour is 16,000 times more efficacious

than a molecule of dry air in preserving heat. Nor is

water the only body that can boast of this property. The
vapours of sulphuric, formic, and acetic ethers, of amylene,
ethyl iodide, chloroform, and carbon bisulphide possess

it likewise. The atmosphere of Mars, rarefied as it

certainly is, can hold vapours of this kind in suspension,

and preserve at the planet's surface a temperature equal to,

or even higher than the mean temperature of the earth.

But it is scarcely necessary to imagine anything else

than water analogous to ours, since the Martian snow so

closely resembles our snow in its winter invasions and
summer dissolution, and by the inundations by which its

melting is followed, that we may look upon it as almost
identical with ours.

The real difference is in the mode of circulation. On
Mars, oceanic evaporation does not give rise, as with us, to

clouds, lains, springs, and rivers.

None of the great water-courses with which we are

acquainted on jVIars finds its source on terra-firma. We

see nothing but canals running from one sea to another.

Every canal begins and ends either in a sea or in a lake, or

in another canal, or lastly at the intersection of several

other canals, but none of them has ever been brought to

an abrupt conclusion in the midst of land—a fact which is

of the highest importance. Moreover, they intersect each
other at every possible angle.

Clouds, on the other hand, are extremely rare on Mars,
and perhaps they are only thin mists or light ciiTus.

They are certainly not clouds of rain or tempest. At the

time of the last opposition of 1894, at the observatory of

Juvisy, when we had our eyes, so to speak, constantly fixed

on Mars, the planet showed itself to us, as usual, perpetually

clear, with the exception of the 10th of October and for a few
days after, during which I ascertained that the Cimmerian
and Tyrrhenian seas were masked by a veil of clouds. These
veils are very rare on Mars, whereas on the earth they are

perpetual. There is, perhaps, not a single day in the year on
which the whole surface of the earth can be discovered and
clearly seen in space. In short, the meteorological con-

ditions prevailing in the two worlds are absolutely unlike.

Furthermore, in the highly-rarefied atmosphere of Mars,

there are no intense winds, nothmg analogous to our trade

winds, or to the regime of predominant winds which govern
our terrestrial climates. Sometimes we can perceive very

long trails of snow, apparently produced by currents in a

tranquil atmosphere, as, for instance, those which Mr.
Schiaparelli observed in November and December, 1881,

round the north pole and extending very far ((((/(' " The
Planet Mars," p. 741, fig. 263) ; but these are exceptions.

Fine weather is the normal state of the Martian climates.

Of course, we must not deceive ourselves as to the

accuracy of our Martian knowledge. We do not see every-

thing. We have never seen the delicate ramifications

which may characterize the canals. We know neither the

width of the narrowest, nor the laws which govern their

periodical duplication ; and it was only the other day that

we ascertained indubitably that they transport the sea

waters from one point to another. Mr. Maunder was
perfectly right in thinking that " we cannot assume that

what we are able to discern is really the ultimate structure

of the body we are examining." This ignorance of ours

may hide a whole world of unknown realities. Nevertheless,

we may, perhaps, try to form some idea of what takes

place in the circulation of its waters.

The melting of the polar snow almost always gives rise

to inundations over immense tracts of land, over hundreds
of thousands of square kilometres. The seas encroach far

into the interior of the lands ; the canals grow wider; fresh

canals, often of great magnitude, appear ; and islands,

peninsulas, and portions of continents become submerged.

Everything proves to us that the surface of the planet is

one immense plain, and that mountains are very rare.

The canals may be natural grooves due to the evolution of

the planet itself, just as the English and the Mozambique
Channels are on our earth, or they may be furrows dug by

the inhabitants for the distribution of their waters, or they

may be both—that is to say, they may be natural formations,

rectified by intelligence. We will not attempt, as some
have done, to calculate the work represented by the con-

struction of this geometrical network, for the conditions

of the planet's surface, the nature of its materials, its density

and gravity, the muscular force, machinery, and character

of its humanity, are so difi'erent from terrestrial conditions

that there can be no analogy between them. But what is

certain is that these canals serve to effect the circulation

of water, and constitute a hydrographic system of the

most ingenious character. It may be objected that this

admirable system does not prevent inundations. No, but it
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regulates them ; it is, as it were, a Nile embanked and
controlled in its course.

The periodical inundation caused each Martian summer
by the melting of the snows is distributed far and wide by

this network of canals, which seem to be the chief, if not

the only means by which water, and with it organic life,

can be distributed over the surface of this planet. At this

season the canals appear encompassed by a dark zone

forming a species of temporary sea. The canals of the

surrounding region then become darker and wider, and cover

vast tracts of land. Things remain in this state until the

polar snow is at its minimum. The melting process is

at an end, the breadth of the canals diminishes, the

temporary seas disappear, and the continents become
yellow once more. This great phenomenon occurs in all the

region comprised between the pole and the sixtieth degree

of latitude, and is renewed every summer. Over the

planet's whole surface the canal system is unstable.

When the canals become troubled, and their contours

doubtful and ill-defined, it seems as if the water must be

very low, or have entirely disappeared. Nothing remains
where the canals once were ; or, rather, we descry a

yellowish streak, differing very little from the surroundmg
territory. In the months that precede and follow the

great northern inundation, towards the period of the

equinoxes, the canals become doubled. In consequence

of a rapid modification which is efi'ected in a few days,

perhaps even in a few hours, such and such a canal is

transformed throughout its whole length into two parallel

lines, which run with the geometrical precision of the

two rails of a railway, and follow the exact direction of the

primitive canal. These newer canals have, hke the first,

a width of from fifty to a hundred kilometi'es or more, and
are separated by an interval of from fifty to five or six

hundred kilometres. The colour of these lines varies from
black to red, and is easily distinguishable from the yellow

of the continents. The intermediary space is generally

yellow, sometimes whitish. This gemination also takes

place in the lakes, which become duplicated as well.

Whatever may be the explanation of these changes,
unknown to our earth, we may conclude that on the

surface of the planet Mars water circulates, not by a

system of clouds, rains or springs like ours, but by the

melting of the polar snow, and by the horizontal and
interlaced canals which distribute it over the entire body
of the continents. Then it seems to evaporate and to

become condensed almost solely on the colder polar zones
which receive it in the state of snow.

Mars, then, is (juite another world, differing greatly

from the one we inhabit, yet no less alive than ours,

in more active motion, and more agitated in some respects,

though with a climate which is doubtless very agreeable
from the constant serenity and from the absence of inclement
weather, rains and tempests, which characterize, unhappily,
the great majority of earthly climates. The days are
slightly longer there than with us, and the year is nearly
twice as long as ours.

WITH THE SECOND PEARY GREENLAND
EXPEDITION.

By EiviNT) AsTRUP {Firxt Oificer, Pearij Expeditimis).

THE Frtlcnn left us in Inglefield Gulf, on the coast
of Greenland, towards the close of August, 1893,
and from that moment all communication with
the outer world was at an end. During the next
few days we finished building our house, which

Peary christened "Anniversary Lodge," in commemoration

of his second wedding day, which he kept in this forlorn spot

together with his wife. I was busily engaged in bringing

some five thousand pounds of provisions upon the inland ice,

which in this locality lies four English miles from the coast,

and at a height of about three thousand feet above the sea.

Twenty native Eskimo assisted in the work. It was to have
been done by the mules, but as only three of these animals

out of the eight we brought were alive, and as they soon

showed themselves as incapable of traversing the ground
in Greenland as of standing the severe climate, they had
to be destroyed. By the 29th all provisions had been
brought up, and on September 2nd, assisted by Lee,

Davidson, and Carr, and with some forty dogs, the laborious

work of transporting all the goods on sledges inland, across

the plateau in a north-easterly direction, was commenced.
Originally it was the intention to have a limited depot of a

portion of the provisions established a couple of hundred

The Edge of the Great " lee-Cap."

miles from the coast ; but this plan had to be modified,

and the u-holr quantity of five thousand poimds of provisions

was brought, though, of course, not so far. By this means
the exhaustive labour on the main journey in the first

heavy land risings was avoided, as our sleighs were almost

empty until the depot was reached.

The weather during the first half of September was
fairly favourable, the lowest temperature not being below

thirty degrees of frost (Fahrenheit). But progress was,

nevertheless, slow. We had to cover every distance

advanced five or six times, and we had much trouble with

the dogs, which were strange to each other as well as to

us. The three sledges made in Christiania proved invalu-

able, as all the sleighing material which had been specially

constructed in America was a complete failure. About

the middle of September I awoke one morning with a

splitting headache, which grew worse as the day advanced,

and early in the afternoon I turned into my sleeping-bag,

to see if I could sleep it off. But in the night fever set

in, and I had to remain in the bag all the next day, and as

I was worse on the following morning, my companions

advised me to return to the house and consult the doctor.

A couple of good dog-spans brought us to the edge of the

inland ice on the same day, and a few hours later we
were at the lodge, where the kindest attention was shown
me by Dr. Vincent. He declared that I had symptoms of

typhoid fever, caused by the repeated " eating of diseased

pemmican." The greater part of the pemmican with the
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expedition was more or less diseased, ha\ing been pre-

pared for the Greenland expedition ten years previously !

It had not been used at all by that expedition, and was
sold on its return by auction to an " honest dealer," and
repurchased for a mere trifle for our expedition. Under

An Iceberg.

the care of Dr. Vincent I was soon on my legs again,
Peary having meanwhile assisted m the transport of the
provisions. He succeeded at first in bringing them some
distance further in, about thirty miles from the coast, but
terrific and continuous equinoctial gales arrested the work.
However, the chief object of the autumn had been
accomplished—the entire provision depot was past the
long, killing land risings, and on comparatively level ice.

During all the time thus occupied
by those who had to bring in the
provisions the other members of the

expedition were employed m various
ways, and particularly in shooting
reindeer, for winter was rapidly
approaching and we greatly needed
meat. Some seventy deer were
killed in September and October.
The autumn was unusually mild
and rainy, and in consequence very
uDplea.=ant. Not till the first days
of November did the ice cover
Bomdoin Bay, or just a month later

than in 1891. On October 26th we
said goodbye to the sun ; for four

long, dreary months it would remain
awiy. Our wmter life haa now
commenced !

On the 1st of November a catas-

trophe occurred, which might have
ended disastrously to all of us. An
enormous iceberg close to our house
fell into the sea, causing a huge
reactionary wave to wash over the
shore, and the water covered our
surroundings up to twenty feet

above the highest tidnl mark, tearing

away as it returned to the sea our
entire store of paraffin oil. These
thirty barrels were destined to heat our house and cook our
food during the long winter nights. Luckily, we were able
to fish out all the barrels except fonr. wliicli were com-
pletely smashed, but some had sprung leaks, and the oil

wasted, which, however, was only discovered later on. After
this alarming event, it became necessary to reduce to a

minimum the use of parafiSn for heating our dwelling,

and the much-talked-of electric light never put in an
appearance, so that we had our fair share of darkness, and
this did little to cheer the spirits of the ladies of our party.

With the commencement of winter we were again

visited by our Eskimo friends, who assisted us most
indefatigably and cheerfully through thick and thin, and
often let us have meat for our dogs when their own starved.

December was mostly employed in preparing for the

great sledge journey of the spring, and skins were dried,

cut up, and sewn into garments and sleeping-bags.

Sleighs, too, had to be made, as the three Norwegian ones
would not suffice for the work. We had no suitable wood,
but, fortunately, we had plenty of Norwegian "Ski" or

snow-shoes, and from these eight sledges were made, but

they were, of course, very faulty. A similar number were
made by another of our party from some seven-foot ash
deals, but they proved too short. We were really crippled

before we started, but, nevertheless, Peary did not lose

his cheerful courage.

Christmas was celebrated in orthodox fashion, and like-

wise the New Year, which was entered upon with renewed
spirits of cheerfulness and energy. Frequent and long

journeys to the neighbouring Eskimo colonies were now
performed, in order to provide food for our South Green-
land dogs, of whom we still had forty. Several hunting
parties were likewise dispatched, and they hardly ever

returned empty-handed. At the end of -January I was
disx^atched on an expedition to the site of our old " Eedcliff

House " to search for coal, Peary having the year before

left there some hundreds-weight of this precious article
;

but all we could gather after hours of grubbing in the deep
snow was a sackful, though that was something, for

E.-liimo ."^kin- Boats.

during the next few days we were able to enjoy a tiny

fire in the ante-room. The glow, the heat, the joy, and

the cheeriness of those picture-telling nobs in the semi-

darkness of the Polar night ! The stove was made of two

barrels, with some sheets of corrugated iron and some
stones.
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The greatest cold of the winter was experienced early in

February, but there were not more than fifty-two degrees of

frost (Fahrenheit), which is fourteen degrees less than in the

winter of 1891-92. Indeed, last winter was, on the whole,

rather milder than the former, but the spring was cold and
late. On February 14th we greeted the returning dawn, and
soon after, the final purchase of dogs was made for the all-

important journey. The natives bad quite a superfluity of

dogs, so that weeasily obtained thirty, making seventy m all.

On March 6th all the necessaries for the expedition had
been brought up to the ice edge. The equipment was the

best possible under the circumstances. Peary would not

take with him a tent of any size, as he thought it would
be an unnecessary luxury with the warm double reindeer

suits. So far from sharing his view in this, I had already

last autumn expressed the decided opinion that not only

would ordinary canvas tents be necessary, but even tents

of reindeer or sealskin, considering the terribly low tem-
peratures which are experienced in winter on the inland

ice of Greenland, and with the terrific bone-penctratmg
spring storms which sweep the plateau. On the 7th the

expedition was collected at the autumn depot, where the

journey was to commence. There was a small tent left

Eskimo Puppies,

here, and this Peary had selected. It was quite insufiicient

to shelter the members. During our sojourn at the depot,

I was again seized with illness from eating our pemmican,
so that it was decided that I should not hamper an
expedition of such importance, and I returned with Peary
and Lee to Anniversary Lodge. Peary had left some
efi'ects behind, which he required, and Lee had his foot

frozen so that he could not walk.

It was depressing in the extreme to be debarred from
sharing in the loug-looked-for journey, which was to eclipse

all our achievements of the previous year, but there was
no help for it.

On Monday, !March 2(jth, Dr. Vincent returned with
Davidson, who had his foot very badly frostbitten during a
terrible equinoctial gale which raged here on March 22ud
and 23rd. During this storm the temperature fell to

fifty degrees of frost (Fahrenheit), which is an unusual
phenomenon with such a terrific wind as then blew. They
were all together in a little tent during the gale, and every
moment it threatened to split, and there is but one opinion
among the party, that had this happened, not a single one
would have returned to tell the tale. Several of the hardy
dogs were afterwards found frozen to death, and all were
more or less affected.

I had no further news of the party till May 1st, as I

was engaged in a sledge journey to the unexplored shores
of Melville Bay.

On this journey I was accompanied by a faithful Eskimo
friend. Beyond the geographical results of this expedition,

including the discovery of the greatest hitherto known
glacial complex with outflows in Greenland, we experienced
some exciting adventures in hunting Polar bears, reindeer,

seals, silver foxes, and other animals, and we had some
curious encoimterf: and sojourns with the natives in these
remote parts. On my return I learned of the sad fate of

Peary and his gallant companions. The dogs had mostly
died under the terrible frost—sometimes fifty degrees of
frost (Fahrenheit)—and Mr. Entriken had both feet frozen so
that he could not walk. All had suffered more or less ; in

fact, besides Peary there was only one man left to continue
the venture, which was therefore abandoned.
The rest of the spring now sped rapidly, but to add to

our miseries the provisions began to give out, which
caused general indignation, as we had been told that we
were provisioned for two years. The result was a general
longing for the P'ali vn.

At last, one simny evening towards the end of July, the

whole colony was suddenly roused by the welcome news
of two Eskimo messengers. My pen fails to describe the

joy which ensued at the gladdening news, the escape of

long-pent-up feelings and suspense. From twenty stentorian

throats hurrah upon hurrah rose on the still summer
air, and the c oboes reverberated again and again from the

straight towering walls of Mount Bartlett, gradually dying
away among distant hills and glaciers. We were saved
from a horrible starvation.

The expedition is not at an end, as Peary nobly remains
on those bleak and inhospitable shores one year longer,

having obtained provisions and coal from the ship. He
has with him a young man, Lee, and his faithful nigger.

Matt. The rest of the expedition cannot disguise their

delight and thankfulness at being all safe once more
among civilized surroundings.

THE EVOLUTION OF FRUITS.

By C. F. Marshall, M.D., B.Sc, F.E.C.S.

ACCORDING to its botanical definition, a fruit is

simply the matured ovary of the plant after

fertilization has taken place. If this is compared
with the structures popularly known as " fruits,"

we shall find that in many of these so-called

fruits other parts of the flower are included besides the

matured ovary.

Let us take the simplest form of fruit, which is called

an achene ; this is simply a case enclosing a single seed.

The buttercup affords a typical example of such a fruit,

and each of the so-called yellow "seeds" of the strawberry

is an individual achene. The seed-case of the achene is

known as the pericarp, and this usually

consists of three layers ; an outer the

epicarp, an inner the endocarp, and a
middle one the mesocarp.

The simplest form of succulent fruit

is the drupe. In this the seed-case has
become succulent and fleshy, and its

three component parts are distinguish-

able and have taken on diflerent func-

tions, for reasons which we shall after-

wards see. The epicarp form.s an ex-

ternal, usually brightly coloured skin

;

the endocarp forms a hard protective

covering for the seed ; while the mesocarp
forms the succulent mass of the fruit. The cherry and

Fie. 1.—Diagram
of a simple Achene

:

ep, epicarp ; en, en-

docarp ; /H, meso-
carp; s, seed.
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plum are examples of this form of fruit. Compound drupes,

such as the blackberry and raspberry, are formed by an
aggregation of such drupes placed on an enlarged receptacle.

Each fruit is here called a drupel, and has exactly the

same structui-e as the cherry or plum.
Such fruits as these are true fruits. In cases where

other parts of the flower are included, the fruits are called

spurious fruits. Take, for example, the strawberry. In

this the red swollen mass which we eat is simply the end
of the stalk (or " receptacle," as it is called), which has
become succulent, while the fruits themselves are the

small yeUow bodies commonly known as seeds. Again,

the receptacle, instead of bulging out as iu the strawberry,

may become hollowed out so as to enclose a cavity in

which are placed the separate fruits. Buch a fruit is

found in the fig. The fig may thus be considered as an
iuvaginated strawberry.

The type of fruit termed a berry is a succulent fruit in

which the seeds are imbedded in a pulpy mass, as the

gooseberry and grape. The blackberry, raspberry and
strawberry, we have seen, are not true berries at all.

The apple is a still more modified form, since the

calys-tube, in addition to the pericarp, encloses the seeds.

Here it is the calyx-tube which has become succulent and
forms most of the edible part of the fruit. The mesocarp
is also succulent, while the epicarp and endocarp form two
horny cases enclosing the seeds.

Finally, let us consider the mulberry, which is the most
modified of all. While externally it somewhat resembles

the blackberry, it is iu reality entirely different, being

formed by a dense mass of flowers, the petals of which
have become succulent.

These few familiar examples will suffice to show what
diverse parts of a flower contribute to the formation of

what are popularly known as fruits, and also how different

parts may become succulent. In fhe cherry, raspberry,

blackberry, and others, it is the

true seed-case which becomes
succulent ; in the strawberry
and fig it is the swollen stalk

;

in the apple it is the calyx-tube

;

and in the mulberry it is the

petals of the flowers themselves.

Now let us consider the

reasons why some fruits are

succulent and others hard

;

why some are sweet and others

bitter ; why some are brightly

coloured and others dull. We
must first bear in mind that the primary object of all

fruits is the perpetuation of their species by means of

dispersing their seeds. It is obviously of advantage for

the seeds to be scattered over as wide an area as possible,

because only a certain number of plants can grow in a
certain area of ground. Now the seeds have no inherent
power of locomotion, hence they must avail themselves of

such opportunities as occur. The simplest agent in the
dispersal of seeds is the wind, and seeds which avail

themselves of this means are either minute, so as to be
easily blown about, or else they are downy—as the
dandelion—so that they can float a long way in the air.

The second means of dispersal is by animals, chiefly birds,

and such seeds avail themselves of this means which
cannot be dispersed by the wind. Animals may cause
dispersal of seeds in two ways ; first, by carrying earth,

containing imbedded seeds, in their claws. A good ex-

ample of this is given by Darwin ( " Origin of Species," page
328), who obtained a piece of earth which had been found
attached to the leg of a partridge, and since then had been

en

Fig. 2.—Diagram of Clierrv

(or Drupe) : ep, epicarp ; en,

endocarp ; m, mesocarp ; s,

seed.

-ct

Fig. 3.— Diagi'am of Straw,
berry, slicking enlarged recep-
tacle, r, covered with Aclienes,
or iiidiridual fruits, a.

kept three years. From the seeds imbedded in this piece

of earth no less than eighty-two plants were obtained.

This also shows the length of time that seeds retain their

power of germination. The second and principal method
of dispersal by animals is by the seeds being swallowed as

food. The seeds of such fruits as are eaten by animals are

protected by a hard coat, which is capable of resisting the

action of the digestive fluids of the stomach and intestines.

These seeds pass out uninjured in the fieces, and are
dispersed by the wanderings of the animal which swallows
them. Fruits which attain dispersal in this way become
as sweet and succulent as possible, and also acquire bright
colours in order to attract birds and other animals. This
does not take place till they are ripe, for otherwise they
would be eaten before the seeds were mature. Take, for

example, the wild strawberry. The young strawberry is

green and sour, to prevent being eaten till the seeds are

mature. During the time when the seeds are attaining
maturity the receptacle becomes
red and succulent, thereby at-

tracting the notice of birds.

The birds swallow the pulpy

receptacle, and with it the

small yellow fruits, which pass

through the alimentary canal

of the bird uninjured, and so

become dispersed during the
flight of the bird. Hence we
see that the reason for fruits

becoming succulent is in order

that they may form attractive

food for birds and other

animals, and so ensure dis-

persal of their seeds. Such fruits are called attractive

fruits. But although this explanation will account for the
origin and structure of very many fruits, it clearly will

not do so for all. For the group of fruits comprised under
the term " nuts " a diflerent explanation is required.

In the " nuts " it is the seed itself which is nutritious,

owing to the large store of albuminous matter destined for

the yoimg embryo plant. Owing to this large store of
food, these fruits do not require dispersal, and hence do
not become attractive ; on the contrary, they are repulsive

to animals and birds, while all their energies are devoted
to prevent their getting eaten in order to preserve their

nutritious seeds, as it is evident that these seeds, being
digestible, would cause destruction of the species if they
became eaten. Such fruits are known as deterrent fruits.

These deterrent fruits may be protected by a prickly coat
as in the chestnut, or a nauseous covering as in the
walnut ; and it is interesting to note that it is the same
part of the fruit which is filled with bitter essence in the
walnut that in the cherry or plum is succulent. Again,
deterrent fruits, instead of being brightly coloured, are
invariably green while on the tree and brown like the soil

when they fall to the ground, these protective colourings
increasing the security against being eaten by animals.
The extent of the protection depends on the animal to

whose attacks the nuts are exposed. The European walnut,
for instance, has only a few woodland animals to guard
against, while the American butternut has to withstand
the teeth of the forest- rodents.

Take, for example, the cocoanut. This contains a large
store of food-stuft' intended for the embryo plant, enclosed
in a hard shell surrounded by a fibrous coat. The cocoanut
grows at a considerable height from the ground, and so has
to fall some distance when ripe ; the function of the
fibrous coating is, therefore, to break the fall of the nut,
while the hard shell protects it against the attacks of
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animals, one small place only being soft for the embryo
plant to push through.
An interesting fact maybe mentioned here, showing the

possibility of the conversion of a deterrent into an attrac-

tive i'ruit, for Darwin states that there is considerable

evidence to show that the peach has been derived from the

almond by artificial selection.

Let us now consider the origin of fruits. The doctrine

of natural selection tells us that, in uncultivated plants

in a state of nature, no part can be present that is not of

direct use to the plant ; and in the

case of fruits, no part can be present

that is not directly concerned with
the preservation and dispersal of its

seeds. Hence it is absurd to suppose
that fruits were created for man's
special benefit, for, in the first place,

fruits are abimdant in parts of the

world where man is seldom or never
seen ; and secondly, if man were the

chief eater of fruits, such fruits

would soon disappear, for their seeds

would not be sutHciently dispersed

or deposited in suitable places for

germination.

In fact, the origin of fruits fur-

nishes us with some of the best

examples of the doctrine of natural

selection, for in the case of plants

we at once get rid of the idea of

voluntary action, so ditlicult to escape in the case of

animals. We are apt to imagine an animal consciously

striving to better itself in the struggle for existence, but

with plants this predisposition is avoided, as we should

never imagine a fruit striving consciously to make itself

more succulent.

First let us discuss the origin of attractive fruits. All

succulent fruits were not originally alike ; some happened
at one time to be sweeter than others, owing to an

accidental deposit of sugary matter m the tissues. These
were at once eaten by birds and the more sour ones
rejected ; hence the sweet ones survived, and their seeds,

having been uninjured by digestion, became dispersed,

and gave rise to others which reproduced the characters

of their parents. The most attractive of these were again
eaten, and survived ; and so on, generation after generation,

Fig. 4. — Diagram of

Fig, showing invaginatefl

rct-eptaule lined willi

Auhencs.

Fig. C.—Diagram of Apple, showing succulent calyx and mesocarp,
and fibrous epicarp and endocarp.

the fruits becoming more and more succulent, because the
succulent ones only survived, in this group of fruits.

This process may be carried still further by artificial

selection, so that the original object of the fruits is lost,

and fruits can be produced which have no seeds. In this

way finer fruits are produced, as the nutriment, originally

intended for the seed, goes to increase the supply forthe fruit.

We should naturally expect that attractive fruits did
not appear on the earth till there were animals which
would eat them ; both must have developed simultaneously,
and in mutual dependence on each other. So we find no
traces of succulent fruits even in so late a geological

formation as that of the lias or cretaceous clift's, for the
simple reason that there were no animals to eat them,
the birds of that period being carnivorous, while the
mammals were mostly primeval kangaroos or savage
marsupial wolves. It is only in the modern tertiary

period that we find the earliest traces of the rose family,

the greatest fruit-bearing tribe of our modern world.

The origin of the deterrent fruits is the exact opposite

of that of the attractive fruits. The seeds of these were
stored with food for the young plant, and were exposed to

the attacks of birds, monkeys, and other animals. Since
no two fruits were exactly alike, some happened to have
a harder or more bitter shell than the others ; these were
consequently avoided, and so survived. The hungrier
their foes, the more need was there for protection, and so

the hardness and bitterness of the shell went on increasing

from generation to generation, for only the hard and bitter

ones survived. The nut which best survives on the
average is that which is the least conspicuous in colour,

has a rind of the most objectionable taste, and is enclosed
in the hardest shell.

Thus there is in nature a continuous battle between plants

and the animals which feed upon them, those animals
only surviving which manage to overcome the protective

devices of plants, and those plants only surviving

whos3 protection is good enough to defy the attacks of

animals.

THE WHITE-BREASTED ALBATROS ON

LAYSAN ISLAND

THE Hon. Walter Rothschild is well known as a keen
and energetic worker in the cause of science, but
the greater number of our readers are perhaps
unaware of how much he has done in bringing

new species of birds to light, by means of his

collectors in all parts of the world.

It is now some four years ago that Mr. Rothschild sent

out a collector—Henry Palmer—to explore the small

islands and sandbanks scattered about in the Pacific Ocean
in a north-westerly direction from the Sandwich Islands.

Up to that time, these islands were virgin land to the

ornithologist. The discovery, however, by Henry Palmer
of many species of birds perfectly new to science fully

justified Mr. Rothschild in deciding to have these out-of-

the-way reefs ornithologically explored.

By far the most interesting island of the group is Laysan
or Moller Island, a small stretch of land about three miles

long and two and a half broad, surrounded by a reef, and
having in it a salt lagoon of some one hundred acres in

extent. It is covered with a luxuriant growth of coarse grass

and of low shrubs, and possesses a few pigmy palms. There
are a few huts on it, and it is occupied by a guano company.
The island literally swarms with birds. An idea of

their enormous numbers may be gathered from Palmer's

own words on the first day he spent on Laysan :
—

" I have seen so many birds, and have been so excited,

that I must leave my description of them till I have seen

more at my leisure."

The most numerous bird on the island is the white-

breasted albatros, or the gooney {Dimnedea iniinutahilis
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Rothsch). By the courtesy of Mr. Eothschild we are

enabled to reproduce two beautiful photographs of these
birds, which, together with the information presented to

our readers, are taken from Mr. Rothschild's grand work
on the " Avifauna of Laysan." Since the limited number of

two himdred and fifty subscribed copies only of this work
were issued, both pictures and information will be new to

most of our readers.

The upper parts of the white-breasted albatros are brown

a whistling cry ; after this they begin shaking their heads
and snapping their bills with marvellous I'apidity, occa-
sionally lifting one wing, straightening themselves out and
blowing out their breasts ; then they put their bill under
the wing, or toss it in the air with a groaning scream,
and walk round each other, often for fifteen minutes at

the time." The smaller plate, which is from an instan-

taneous photograph, admirably illustrates, in the birds in

the foreground, the positions above described.

The Wliite-Breastecl Alhatros "love-making

and its under parts pure white. It is about thirty-two
inches in length and the wing measures about nineteen
inches. It literally covers the island of Laysan and is

quite fearless, so much so that when Palmer went with
Mr. Freeth, the director of the guano company, on
a tramway-line which has been constructed, a boy was
sent on ahead to clear the track of the young albatroses.
Indeed, all the birds on Laysan are so tame that, with the
exception of curlews and duck, they may be easily caught
with a large hand-net.
The gooney lays a large white egg upon a round nest

made of mud, and breeds in immense colonies. Mr.
Eothschild thus graphically describes, from the notes of
his collector, the "love-making antics" of this bird.
" First they stand face to face, then they begin nodding
and bowing vigorously, then rub their bills together with

From the "Avifauna of Laysan.'

The full-page plate will illustrate better than words the
immense numbers of the white-breasted albatros on Laysan
Island at the time the photograph was taken, but since then
Mr. Freeth, who vigorously protected the birds, has resigned
the governorship of the island, and his successors have
carried off the eggs wholesale.

THE FILTRATION OF WATER.
By Samuel Rideal, D.Sc. Lond., F.I.C.

THE term " filtration " is now used in a much wider
sense than formerly, and in such a way as was never
implied when the word was originally invented.

This has been brought about by the recent growth
of our bacteriological knowledge, so that we have

Dr. Drown, the well-known chemist to the Massachusetts
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State Board of Health, in his last report, stating that one
of the chief objects of water filtration, in most cases, is the

removal of the disease-producing germs. Formerly the

efficiency of a filter might be accurately measured by

testing it with some dark-coloured, finely divided material,

such as gunpowder, charcoal, or ultramarine, and ascer-

taining whether these particles were kept back by the pores

of the filter. Many of the domestic filters still commonly
employed, when tested in this way, yield a filtrate which is

clear and bright, proving that the pores in the filtering

medium are sufficiently tine to strain back such particles.

It is obvious that these filters will ensare the removal of ;

all suspended matter which is of the same size, or larger, '

than such particles, and that if a transparent bright liquid

only is aimed at, any filters passing such a test might be

recommended. Unfortunately, the pathogenic or disease-

producing bacteria are much smaller than such particles,

and find their way through the pores of most filters.

If, therefore, a domestic filter is to fulfil the condition

laid down by Dr. Drown, it must be so constructed as to

ensure that these minute organisms cannot possibly pass

through, so that on testing the water, before and after

filtration, the number of micro-organisms must be sensibly

diminished. An ideal filter is one which will allow no
organisms to pass through, but, as shown by Drs. Sims,

Woodhead and Wood, there are practically none in exist-

ence which fulfil this condition except the candle filters,

and these can only be used when a pressure of water is

available. The partial removal of the micro-organisms

is, however, a matter of less difficulty, and filtration

through sand is found to be very efficient in improving the

bacterial condition of water. In America, during the last

few years, experiments on a large scale have been
conducted, with the result that it has been shown to be

possible to construct filters which will yield two million

gallons of water per acre daily, and remove 99'5 per cent,

of the bacteria in the applied water.

In these researches a particular bacterium (B. prodigiosus)

was used as a test organism for ascertainmg how filters

made in different ways, witb sand of varying dimensions,

behaved. This organism was cbosen because it is very

easUy distinguished from ordinary water bacteria, and in

its mode of life in river water resembles very closely the

behaviour of the organism which is associated witb typhoid

fever. It was supposed that if the sand removed this

organism from the water, a filter constructed in the same
way might be recommended for the filtration of the water
supplied to a town, and thus ensure that such filtered

water would be free from the germs of typhoid fever. At
first it was thought that the sand used for such filters

must be very fine, and that the rate of filtration should be
slow ; but last year a high degree of bacterial efficiency

was attained by new filters of coarse sand, and operated at

high rates of filtration. Thus, in two experimental filters,

coarse sand having an effective size of 0-26 to 0-29 milli-

metres when used to a depth of sixty inches, removed over
98 per cent, of the water bacteria, and over 99 5 per cent.

of the applied B. prodirjiosus, even when the rate of filtra-

tion was upwards of nine million gallons per acre. The
knowledge gained by experiments ^f this character has
been made use of on a large scale for filtering the water
supply of the city of Lawrence, in Massachusetts, with
most satisfactory results. This city is supplied with river

water which is contaminated with drainage from other
riparian towns, and for many years the death-rate from
typhoid fever was three times higher than that of other
towns of the same size. It was also noticed tbat the
annual epidemic was later at Lawrence than at Lowell, a

town higher up the same river, so that it was clearly

evident that the disease was water borne, and caused from
the inhabitants drinking the unpurified river water. In
1892 the cholera scare iadacei the autborides to be»ia
the construction of this filter, which was finally completed
towards the latter end of 1893, and now tbat it has been
at work for over a year, the effect of the filtration of tbe
water can be estimated. Chemically, the cban;i;e has con-
sisted in the conversion of the free ammonia and organic
ammonia into nitrates, whilst the hardness of the water
has been slightly increased. Tae colour, as might be
expected, has been much improved, but the most important
change has been in the removal of the micro-organisms
present in the water. As a result of working this filter, it

has been shown that, when properly attended to, tbe filter

increases in efficiency after some days. The removal of

the bacteria is, therefore, not only due to a straining

process, but also to the conditions for the life of the
different organisms being made unsuitable. It is well

known that the bacteria living in water require organic

matter as their food, and as the filter allows the oxygen of

the air to oxidize the organic matter in the water, it

follows that those organisms which are successful in

passing through the filter find themselves in a medium
which contains no food supply, and they, therefore, quickly

perish. The total cost of the filter was about £13 000, and
although the results above recorded are of considerable

interest, this expenditure of money has already been justified

by the marked improvement in the health of tbe town.
Thus, since the filter has been in use, the death rate of the

town from typhoid fever has been reduced to forty per
cent, of the former mortality, and it has also been shown
that of this remaining forty per cent, nearly one half of

the cases are attributable to the use of unfiltered water
drawn from the canals. At present the returns from the

medical officers for the autumn months of last year are not
available, so that the effect of the filter in preventing the

communication of diarrhoeal and other diseases carried by
water cannot be given, but the physicians report that

there has been a very marked improvement in the health

of the population since the filter came into use. These
experiments clearly prove tbe fact that no reliance must
be placed on the self-purifying power of streams, as the

previous his:ory of tbe city of Lawrence test:ties to the

ready conveyance of typhoid fever down a stream, by

sewage-polluted drinking water. Tue results are also

so satisfactory that there can be no doubt that the

construction of this filter will be speedily copied by other

towns similarly situated with regard to tbeir water supplies,

as the practicibility of protecting a community against an
infected drinking water supply by natural sand filcraiion

has been established.

Although the Lawrence experiments are by themsi I tes

sufficiently conclusive, there is an abundance of evidence to

show that the filtration of water, if properly carried o'lt,

has a very material influence upon its quality. During the

cholera outbreak in Hamburg in 1892, it was manifest

that the filtration of the river water, as supplied to Altona,

practically rendered that part of the district immune from

attacks of cholera, and Prof. Koch obtained conclusive

evidence to show that drinking unfiltered Elbe water was
the cause of the tremendous mortality from this outbreak.

Since then, Hamburg has had new filtration works
ei'ected, and these are now at work. The essential

features of the Hamburg filters are somewhat different

from tbose of the one at Lawrence, as the water is

first allowed to settle in four sedimentary basins, each

holding enough for one day's supply, and having an area

of about twenty acres, before being pumped on to the

filter-beds. These filter-beds are so arranged that they
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can be disconnected without interfering with one another,

and consist of basins about two acres in extent. The
material used for filtering consists of about three feet of

fine sand, resting on eight inches of coarse sand, below
which is an eight-inch layer of gravel and an eight-inch

layer of small stones. The water is carefully pumped on
to each of these filters in turn, special precautions being

taken not to disturb the surface of the beds, and the water is

farther not allowed to rise to a higher level than three

feet above the surface of the bed. In this way the rate of

filtration is maintained at a uniform rate of about one
hundred cubic metres per hour. The system is under careful

bacteriological control, samples of water being frequently

taken for examination, and as a rule the number of

bacteria found in the filtered water do not exceed from
ten to forty per cubic centimetre. When the number rises

to one hundred the filter-bed is closed and remade, so that it

will be seen that the only test as to the efliciency of the
filter-beds is bacteriological. In Warsaw the town is

supplied with water from the river Vistula, and elaborate

waterworks have recently been completed for the filtering

of this supply. The system adopted is similar to that

which obtains in Hamburg, but the settling tanks are

smaller, while both these and the filtering-beds are

enclosed, so that the whole of the works are under cover.

In this way the influence of temperature, light and dust
are minimized, and the water supplied into the city

mains is of very uniform quality. At present it is difficult

to say how a few feet of sand can possibly have such
a beneficial eSect upon the bacterial contents of a water.

The surface of a sand filter, after it has been in use
for some time, becomes covered with a film of glutinous

silt or slime, and the action of a filter in removing organisms
seems to be due in a large measure to the surface action of

this film. Under the microscope it is found to be composed
of a mass of bacteria in the zooglcea condition, and amongst
the organisms present are those which have nitrifying

properties. It seems, therefore, probable that the surface

and first few inches of a sand filter contain innumerable
bacteria which, in presence of air, oxidize the organic

matter contained in the water. In intermittent filters the

necessary oxygen is derived from the air, but in many
waters there is sufticient dissolved oxygen to render any
special aeration of the filter-bed unnecessary. This
biological action destroys the food supply of the water
bacteria, and thus ensures their speedy death, or possibly

the organisms growing on the filter excrete ptomaines
which have a specific poisonous effect upon them. Whatever
the explanation may be, the action is most effective when
the surface is well covered with this colloidal growth, since

when it is scraped away the filter does not remove the

bacteria nearly so well. Prof. Eay Lankester compared
the action to dialysis through a fine jelly, and hence it is

important that there should be no cracks or breaks in the

continuity of the straining surface. The filter has to be
cleaned from time to time owing to the growth of the

surface layer downwards, which so clogs the filter as to

render the filtration too slow for practical purposes. The
renewal of the filter from time to time seems also desirable

on other grounds, since it is quite possible that with an
undisturbed filter the organisms might grow right through
the bed, and thus infect the filtered water. In London, the

water companies have used sand as a filtering medium for

many years, and the recent inquiry into the water supply of

London caused considerable attention to be devoted to the

subject. The filter-beds in London are not constiucted with
the same care as those at Hamburg and Lawrence. For
many years the number of bacteria present in the water
supplied by the several companies have been counted. Thus

Dr. Percy Frankland showed that, taking a period of three

years, 97' 5 of the micro-organisms present in the Thames
water were removed by the companies, and that the East
London Water Company, which uses Lea water, succeeded

in removing 95'7 per cent. Although the chances of an
epidemic being spread by such a water are far less than if

no filtration were adopted, it is still possible that among
the few organisms which succeed in running the gauntlet

of the filters there will be some that are pathogenic in

character, and therefore a second filtration at the house of

the consumer through a Pasteur-Chamberland filter is

desirable. In Germany, the city authorities of Worms
have constructed some large cylinders of artificial stone

through which the water is forced under pressure, and in

this way hope to produce a sterile water for domestic use,

and more recently it has been seriously proposed to subject

the water supply of towns to a high temperature for a

short time under pressure, with a view to the absolute

destruction of all the micro-organisms present.

The use of river water for a town supply has been
obviated in several towns, such as Fraukfort-on-Main,

Buda-Pest, and Dresden, by making use of natural filtration.

When a shallow well is used for a water supply, there is

always a danger of surface water which has not undergone
any process of filtration finding its way into the well

through openings in the sides. When an iron pipe is em-
ployed, this danger is to a great extent removed, and the

water which collects at the bottom of the well will have
passed through several feet of subsoil and be practically

filtered from any bacteria existing in the water. Such subsoil

water can be collected on a large scale and utilized for the
supply of towns, although there are several factors to be
taken into consideration when it is proposed to take a large

quantity of water from beneath the surface in this way.
At Dresden there is a collecting gallery about five

hundred and seventy feet long, beneath the surface of the

ground and some little distance from the river. It ia

doubtful, however, in this case whether the subsoil is

sufficiently impervious to prevent leakage of the river

water directly into the collecting gallery. At Frankfort

a long tunnel of white bricks extends for nearly a mile
and a half below the surface of the ground at a depth
of about fifty feet, at which depth the subsoil water is

met with. Copper pipes are sunk from this subway at

intervals into the subsoil water, and from the channel it is

pumped direct into the mains of the town. This water is

of uniform temperature all the year round, and is free

from organic matter and bacteria. The surface from
which the water drains above the works is a large forest

of about three square miles in area, and this is kept free

from undergrowth and from habitation.

In London one of the companies derives its supply from
deep wells sunk in the chalk, and this water, as might be
expected, requires no filtration and is remarkably free

from bacteria.

Such underground supplies are to be desired in localitiea

in which there are severe frosts in winter, as sand filters

are useless in times of frost. In Berlin, to prevent the

freezing of the filters, they are covered, but at present it is

doubtful whether the action of light upon the surface

growth of filter-beds is not advantageous.

Other methods of purification are in use in diSerent

towns, involving a combined chemical treatment with
filtration. Thus at Antwerp Anderson's system is adopted,

in which the water is treated in revolving cyUnders
containing iron, and in the United States the Hyatt
process is in use in many towns. It will be beyond the

scope of the present article to discuss these chemical
methods for improving the bacterial quality of a water at
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any length, as also the many forms of domestic filter

which are used for effecting the same object ou a small

scale. Plagge, some years ago, made an elaborate

examination of nearly all the domestic filters then in use,

and contributed the results of his investigation to the

German Association of Naturalists and Physicians. His

results show the uusatisfactoiy nature of the majority of

these filters, and his conclusions have been confirmed by

the recent careful study of similar filters in use in this

country by Drs. Sims, Woodhead, and Wood.

THE WINTER LIFE OF INSECTS.-I.

By E. A. BuTLEB, B.A., B.Sc.

IF
we stroll through the woods on some bright summer
day, we find the air full of sounds—an indistinct hum
that betokens the presence of innumerable insects

;

and every step we take disturbs multitudes of flying

or crawling things which retreat in aU directions

before us. But if we go to these same woods in winter,

silence reigns around, and scarcely a vestige of insect life

appears in whatever direction we wander. This contrast,

though a perfectly familiar observation, can hardly fail to

suggest to the thoughtful mind inquiries as to what hnk
of connection may exist between these successive annual

swarms, separated from one another, as they seem to be,

by Icng periods during which there is a dearth of life.

Admitting, as we must do, that all the living beings of any
one period are the direct descendants of those of a previous

one, only one or other of two explanations of the regularly

recurring appearance of these summer hosts is open to us.

Either these creatures are the same individuals that we
saw the year before, which have been spending the winter

in some sort of retirement, or they belong to the next

generation, and are the progeny of the preceding year's

population. In this latter case, however, equally with the

former, since no break can have occurred in the continuity

of life, there must have been some form in which these

little beings have continuously existed since last we were
struck with the multiplicity of their activities.

There is truth in both these hypotheses. The particular

specimens of insect life that enliven the woods, fields and
hedgerows during any given season are in some cases the

same individuals that were to be met with the year before,

and in others they are members of the next generation.

The exact duration of an insect's life is, in very many cases,

an unknown quantity, and often the imcertainty is greatest

in connection with that part which is spent after the

insect has passed tlirough its metamorphoses and attained

its perfect form. The exact time occupied by the pre-

liminary stages may be known with great accuracy, but
after the insect has been conducted through its various

changes, information often fails as to how long it will

continue to exist in the form it has by that time acquired.

And the results obtained by keeping insects in confine-

ment are not altogether reliable as to the usual duration
of life, since their cuxumstances and surroundings are more
or less unnatural, and while in some cases, no doubt, certain

aids to longevity are absent, in others the risks to life and
limb which would be encountered in the wild state are almo.st

indefinitely diminished. Sir John Lubbock kept some
queen ants alive for upwards of eight years, and Dr. Sharp
records of a pair of large wat:r beetles (not British) that
the male lived with him for two years, and the female
for five. Esper, again, kept the common water beetle

(Dytiscus martjinalis) (Fig. 1) for three and a half years,

and Koesel a rose beetle {Ceto7iia aurataj (Fig. 2 1 for nearly

Fig. 1. — Common
\Vater Beetle (Vy.
tiscus margviialis)

.

three years. An English entomologist of the last century
kept a cellar beetle (Blaps) for upwai'dsof three years, after

he had made four attempts to drown it in spirits of wine, and
this record of hardiness and longevity

was brought to a close, not by any
failure of the insect's powers, but by
the carelessness of a domestic, who
allowed it to escape. These instances

suffice to show that, in certain species

at least, there is enough vitality in the

perfect insect to carry it through a

much longer period than has usually

been believed possible, and to open
up the chance of meeting with the

same insect, even in nature, during

more than one season. And fitrther,

the suggestion is obvious that, if such
longevity does not occur in nature,

imtoward external circumstances may often be looked to

as the causes producing death, rather than internal decay
and senility.

It may safely be assumed that the chief purpose of the
life of the adult insect is to secure the perpetuation of its

species. The main business for which the creature is

adapted in the complex economy of nature, whether that

business be the repression of superabundant vegetable

or animal life, or the removal of waste matters, will in

very many cases have been performed during its pre-

liminary stages, and then there remains for the adult

little more than the reproduction of its kind ; hence there

would appear to be no particular reason for any great
prolongation of its life after it has mated, or, if a female,

after it has laid its eggs. Parental care for offspring after

the laying of the eggs not being customary amongst msects,
the final function of their existence will usually have been
performed when provision has been made for the next
generation. Moreover, the function of reproduction is

so exhaustive of the natural energies that death often

follows immediately after it. Indeed, in some species the
adult insect is so entirely devoted to this fimction, that no
provision exists for its taking food ; its very mouth organs
have become aborted, and under these circumstances, of
course, a long life of activity would be an impossibility.

It seems highly probable, therefore, that the act of

reproduction is usually the last in the insect's life, and
that the duration of its life will be largely determined by
the date of that act ; hence, if circumstances prevent
reproduction from taking place at the usual time, life will

stand a good chance, if the insect has the power of taking
food, to be prolonged until it has taken place.

Now it is not possible to name a single month in the
year which may not witness the deposition of eggs, on the

part of some species or other ; and hence it follows that
the absence of insect life in the winter is more apparent
than real. Perfect insects may be found all the year
round, provided only we know where to look for them.
But while in summer they obtrude themselves on our
notice, in the winter they need a great deal of searchmg
for. I propose to point out, so far as possible, in what
condition the various kinds of insects pass the winter and
where they may be foimd ; but the many gaps that still

exist in the knowledge that has been acquiied of life-

histories render it impossible to do this otherwise than
imperfectly. This imperfection, however, may perhaps
stimulate some of the readers of Knowledge to conduct
observations with a view to increase the existing stock of
ascertained facts. But before proceeding to our subject in
detail, it will be well once more to emphasize the fact,

obvious though it may be, that every single insect we meet
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with in summfr muft have Lad a representative Fome-
wLtre or otbtr in the preci ding winter

;

must, in fact, either have existed itstlf in

its prefect or in some other form, or have
been represented by its parent, or, in some
few cases, by even a more remote ancestor.

By constantly keeping this in mind, we
shall have a clearer conception of the

problem before us, ^and its complexity will

be more manifest if we remember that

most insects appear in four more or less

distinct conditions—as egg, larva, pupa, and
Examples of all these may be found during
well as at other seasons of the year, and

Fio. 2.— KoFc
Beetle (

Cetonia

aurata).

perfect insect,

the winter as

though the habit of each particular species is, as a rule,

unifoim, it is by no means easy to say just what are the

ccndilicns that determine which of these forms shall be the

winter one, and even closely allied species sometimes differ

in this rfsprct. The nature of the food and the time of

year when it may be obtained, of course, largely influence

the result ; but this is not the only factor of importance,

and probably much depends also upon the type to which
the insect belongs. This being the case, it will be best to

confidtr the different orders one by one.

First, then, as to the Coleoptera, or beetles. A very

large number of species hybernate in the perfect condition,

and consequently there are absolutely more beetles to be

had in December than in July ; for by the time the hottest

weather comes round the spring beetles have died off, and
the next generation are either not yet mature, or if mature,

are not sufficiently hardened to be worth searching for.

The general course of the life of such insects would,
therefore, be somewhat as follows : eggs laid in late

spring or early summer by hybernated females, larva

flourishing in summer, becoming a pupa in late summer
or early autumn, and changing to an imago in autumn,
to remain thus, chiefly in retirement, during the winter,

and return to activity the following spring. Hence the
autumn beetles of the one year and the spring beetles of

the next would be largely the same ix;dividuals.

Beetles are not amongst those insects that adopt a

fasting policy when they beccme mature. Their mouth
organs are well developed, and the amount of food devoured
after they reach maturity is often very considerable.

Carnivorous species, such as the ground beetles {Cai-aLiis)

and their smaller relatives, are vigorously predaceous
when mature, and as they become full-grown for the most
part in autumn, very little time is left them to gratify

their slaughtering propensities before winter sets in.

Hence in the general dearth of active life during winter,

and the consequent failure of their food supply, hyber-
nation is their only resource, quite independently of the
direct physiological effect which the lower temperature of

winter has upcn them. The vast accumulations of fallen

leaves that lie about in all directions form excellent places
of shelter, especially the lower layers, which are closer and
damper than the rest. Here the beetles lie, perfectly still

and in a semi-torpid condition, with their legs drawn up
to their sides, and their antennas turned backwards and
lying along the thorax. Moss also supplies a safe and
comfortable retreat to great numbers of species, chiefly of

the smaller kinds. If quantities of loose moss are collected

from the ground or from tree-trunks in March or April,

and shaken over paper, remarkable evidence will be obtained
of the extraordinary numbers that use such a shelter ; and
if calculations be extended from the small area dealt with
to the larger ones of fields or hedgebanks, some notion
may be formed as to the profusion in which some
kinds of insects occur in winter, notwithstanding that

they keep themselves so completely out of sight. Many
others retreat beneath large stones or loose rocks, and
the narrower the space the more attractive the retreat

seems to be ; the insect will very commonly cling to the

under surface of the stone instead of resting on the ground,

thus placing itself back downwards on the roof of its

retreat instead of remaining on the floor. By this arrange-

ment, no doubt, it is safer during wet weather, and while

enjoying the necessary amount of moisture with which the

atmosphere is sure to be impregnated in suchenclosed places,

it is more secure from the inconveniences of a swampy soil.

While carnivorous species find a good reason for hyber-

nation in the failure of their food supply, whatever may
be the actual temperature of the winter, vegetable feeders

which depend upon fresh leaves find it even more necessary

to retreat into obscurity when the leaves fall, and they

have perforce to suspend operations till the new season
clothes the trees again with foHage. The moss on tree-

trurks and the hollow stems of dead plants are among the

objects that afford suitable shelter for such as these. It

is astonishing what enormous numbers of beetles of

various kinds sometimes crowd together into small com-
pass in hollow stems and crevices around the roots of

plants. Especially is this the case when the plants occur

at intervals, and no shelter can be found between them

;

they form common refuges in which the insects of the

neighbourhood gradually collect as winter advances, just

as in severe floods the inhabitants of the flooded district

gradually retreat to the higher grorrnds as the waters rise.

A very good instance of this is to be seen in the horned
poppy {Glaiicium lutcum), the large yellow flowers and
frosted It aves of which form one of the most conspicuous

objects on the shingly shores of our southern counties.

The plant has a large woody root, which, growing as it

does from amongst the shingle, is often very irregularly

shaped and presents numbers of hollows and crevices such

as suit the requirements of hybernating beetles. If these

plants be pulled up during the winter, and shaken over paper,

large numbers of beetles will drop out from the roots and
the interstices between the dead leaves at the base of the

stem just above the level of the beach. Many of the

insects that thus take refuge in the poppy roots are not

in any way connected with the plants in their economy,
and simply use them as convenient resting-places. Simi-

larly, old and strong dock roots, hollow thistle stems, reeds

and such like, harbour swarms of beetles, especially of those

species that in their larval condition prey upon the plants.

Large isolated tufts of coarse grass form another

favourite retreat, many beetles congregating amongst tue

roots, so that to be sure of obtaining them it is necessary

to remove the tuft entire and shake it over paper. The
bottom of a haystack is a very favourite resort for beetles

in the winter. Many, again, may be found under the bark

of trees, but this is not so much through their having

sought such places for shelter as because they have been

born and bred there. Just in the same way, beetles occur

in the large fungi that are attached to tree-trunks. Many
of these, however, will be in the larval condition, and the

same may be said of those that burrow in the solid wood
of trees. Here they are removed from many of the dangers

to which insects that live in the open are exposed ; very

few parasites can reach therrr, they run no risk of being

devoured by carnivorous foes, and the temperature in

which they live is much more equable. Their life is often

considerably prolonged, several years being sometimes

required for the completion of their metamorphoses ; of

course, it follows from this that specimens might be found

in winter in different stages, if only one could drscover their

whereabouts m their timber fortresses.
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Fig. 3.—Larva of

chafer.

Cock.

The larvffi of certain beetles live habitually underground,

where some of them feed upon roots, while the rest prey

upon other subterranean creatures. A rrot-feeder, such

as the common cockchafer (Fig. 3), which lives for three

years as a larva, retires deep into

the ground during winter, where

its soft body is removed from the

chilling influences of the winter

winds and frosts ; and being

below the level of the roots on

which it is accustomed to feed,

it of course spends its time

fasting. In such a case the

change into the pupa state occurs

in the last autumn of the insect's

existence as a grub, and the perfect insect appears in

the following May or -June. But its first appearance

as a beetle above ground by no means coincides with the

time of actual change into the perfect insect. This

has taken place long before, in the subterranean cell

it had excavated for itself, and where it has remained

quiescent till its armature is hard enough to encounter

safely the rebufl's it will meet with in pushing its way up
through the soil, and during its subsequent career above

ground. The handsome green rose-beetle already referred

to, whose larva is very similar to that of the cockchafer

and has corresponding habits, becomes a perfect insect in

its subterranean cell in the autumn, though it does not

appear in the open air till the roses are ready for it in the

following June.

Summarizing what has been said, we see that the

absence of insect life in winter is illusory so far as the

Coleoptera are concerned ; if we had powers of vision that

could penetrate their hiding-places, we should see that

every part is weU stocked with life. Under the piles of

dead leaves that strew the ground around trees or at the

foot of hedges, under bark, stones, or clods of earth, in

fallen twigs and hollow stems of plants, in tufts of grass,

in the sohd wood of trees and the fungi that grow on them,
and even under the soil itself, there would be revealed

beetles of the most varied kinds ; and if all these could

suddenly be laid bare at once, we should be astounded at

the multitude of living forms that are existing, all unknown
to us, around us on every hand, waiting in a more or

less torpid condition tUl the returning warmth of spring

summons them to renewed activity, and for the great task

of preparing for the generation that is to succeed them.

( To be continued.

J

ilcttrrs.

[The Editor does not hold himself responsible for the opinions or
Btatements of correspondents.]

THE "HOOP SXAKE."
To tlie Editor of Knowledge.

A coiTespondent writes as follows:—"In the Rocky
Mountains there is said to be. besides the rattlesnake,

another of a comparatively small kind, which has the habit
of living on the hill- tops, and when about to attack tak s its

tail in its mouth and trundles down the declivity, earning
from this peculiarity the name of ' hoop snake.' Is this a
fact, or one only of the great series of travellers' tales ?

"

The existence of this phenomenal snake is one of those
superstitions which, like the relation of the great toe to
lock-jaw, is of curiously world-wide prevalence. The hoop
snake is to be heard of in Australia, in the River Plate, in

Ceylon, at the Cape, and in many regions of the United
States. Our correspondent presents us with a very tame and

prosaic specimen of this mythical genus, inasmuch as it does
no more than " trundle " passively d^wn-hill by the mere
law of gravitation ; whereas more liberally-inspired observers

have recorded its progress on the flat by virtue of its own
proper volitional force at a speed which, in one instance,

carried destruction to two horses ploughing, and in another
was sufficient to split the trunk of a tree ! Fortunately, we
have here to deal with a question of anatomical fact, not
an issue of disputed evidence like the allegation of the

viper swallowing its young for protective reasons. The
conformation of a serpent's spine is such that it could not
assume the position indicated, owing to the interlocking of

certain bony processes of the vertebrje. Unlimited as the

creature's flexibility of body may appear to be, it will be
found on analysis to lie almost entirely within the scope

of its lateral movements. This is well illustrated ly its

actions as it passes in and out between the bars in

ascending a ladder. Its faculty of flexion in an antero-

posterior direction is in reality very limited indeed, and is

represented to about its fullest extreme in the " sitting
"

attitude of the cobra di capdlo. It would be impossible,

therefore, for a serpent to take its tail in its mouth when
in this position. We find in this an exact converse to the

structural position which obtains in the vertebral columns
of many higher animals—the whale, for instance, whose
spinal mechanism admits of considerable undulation from
behind forward or up and down, but in which the trans-

verse projections of bone, or processes, would jam and
effectually prohibit anything like lateral motion. Not
only are hoop snakes postulated by the public, but at least

one work on popular natural history of the present day

—

one, moreover, admirable in all its matter antecedent to

the Reptilia—actually describes a "looping" mode of

progression of serpents analogous to that of a caterpillar !

More remarkable still, no volume of zoology, to the best of

my belief, makes mention of that movement which a

hurried or alarmed snake adopts, apparently with the view

of eluding the grasp or blow of an aggressor by confusing

the vision rather than by attaining speed, and which
deserves par excellence the title of " serpentine."

,,, Akthub Stbadlkg.

THE SODIUil EADIATIOX.

To tlie Editor of Knowledge.

Sir,—If you will allow me to continue this discussion,

I should like to make a few further observations in reply

to the remarks of M. Deslandres, in his very interesting

letter in the March number of Knowledge, on the electric

origin of the chromosphere.
I will confine my remarks to the question of the origin

of the D line, with regard to which a certain sense of

conviction has arisen in my mind as the result of long-

continued experiments on the radiation of heated sodium
vapour and other gaseous bodies.

To begin with, I may say that the much greater width

of the D line in the heated tube, as compared with the

line seen in flames, is certainly due to a greater density of

vapour in the former. This, as M. Deslandres admits by
his question, distils unchanged from the hot to the cooler

parts of the tube.

I do not rely entirely on this difference of width,

however, to prove my point, but also, as explained in my
previous letter, on the exact correspondence between the

emission and absorption lines, show;ng that practically

every free sodium molecule in the hot part of the tube shares

in the light emission, wh.ch must, therefore, be due to some
other cause than chemical change in the ordinary sense.

M. Deslandres suggests allotropic changes at high tem-
peratures—in other words, interchanges between the atoms
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of the sodium molecules. I have already carefully con-
sidered this possibility, and, without going into details

which would be out of place in a letter, I may state that
experiments made specially to test this point have clearly

shown that such actions are not concerned in the radiation.

For a full discussion of all my experiments I would refer

M. Deslandres to my article on the radiation of gases,
which will shortly be published.

With regard to Prof. Lockyer's experiment, referred to

by M. Deslandres, I must say I fail to see how this bears
on the question at all. By submitting sodium vapour to

the electric discharge, a new factor is introduced which
may well complicate matters. The curious result obtained
does not prove that hydrogen interacts with sodium in any
way ; but might be simply explained by supposing that the
discharge prefers to travel by means of the more lively

hydrogen molecules, which are thus set vibrating whilst
the sodium molecules remain unaffected.

Yours truly, J. Evershed.

THE OBSERVATORIES OF ONE HUNDRED
YEARS AGO.

By W. T. Lynn, B.A., F.R.A.S.

ON
the 11th of June, 1795, Dr. (afterwards Sir

William) Herschel communicated to the Royal
Society a description of his forty-feet reflecting

telescope, the construction of which, he remarks,
was begun about the latter end of the year 1785

and finished at the end of August, 1789. It may be
interesting to run through the list of observatories which
were in operation at that time, as showing the marvellous
progress which has been effected in the means of astro-

nomical research during the hundred years which have
since elapsed. Expeditions were made to observe special

phenomena, such as transits of Venus, in the southern
hemisphere, Halley had made a series of observations at

St. Helena and Lacaille at the Cape of Good Hope, but
no permanent observatory existed in that hemisphere.
Nor did the whole of the American continent contain
one ; so our survey is practically confined to Europe. An
observatory, it is true, had been built at Peking more than
five hundred years before the last century, and observations

were made in it by Verbiest and the .Jesuit missionaries

for about a century after 1673, but its activity had ceased
before the time of which we are speaking.

The Greenwich Observatory, in 1795, had been for about
thirty years under the superintendence of Dr. Maskelyne,
and continued so for about sixteen years more. The value

of his observations (the first which were made at Greenwich
with achromatic telescopes) can never be over-estimatod,

although this is not the place to enlarge upon them. But
at the present time, whilst Eucke's comet is with us again,

it may be of interest to note that he observed this comet
in the year of which we are speaking, a few days after it

had been detected by Caroline Ilerschel and observed by her
brother. Mr. Denning has remarked on the fact that in all his

long career Sir W. Herschel never discovered a comet.
The only other observatory which appears to have

existed at this time in England was the Radcliffe at Oxford.
This was founded in 1771 at the instance of Prof. Ilornsby,

and observations were made from-^i'^ ;/-g ^{ ;^^ com.'^le-
tion, but were not publishg^

regularly until the commence-
ment of Johnson s. :ppointment in 1839. They have been
contmuous ^^,-j. gj^^g mj,Jer the energetic administration
°' janson and his successors Main and Stone. This

Country had, however, at the time, one or two amateur

observers, chief among whom was the Rev. F. Wollaston,

of Chislehurst. Two observatories were also in operation

in Ireland in 1795 ; those of Dublin (or Dunsink) and
Armagh. The former was erected in 1785, the first

director being Prof, (afterwards Bishop) Brinkley. The
latter was founded by Archbishop Robinson in 1791, but
it cannot be said to have contributed much to the progress

of astronomy imtil it was enlarged and provided with
better instruments by Archbishop Beresford in 1827, soon
after the appointment of Dr. Robinson as director.

Scotland at that time possessed no observatory.

The Paris Observatory (also called Royal at first) was
founded a few years before that of Greenwich, and the
discoveries of Cassini I. gilded its early years. One
hundred years ago France was still in its revohitionary

epoch, and scientific activity was necessarily to a great

extent in abeyance. The National Convention was at the

head of affairs during the greater part of 1795. CassLni,

the fourth and last director, was not only practically

ejected imder pretence of establishing a divided jurisdiction

or quasi- republican form of government at the observatory,

but afterwards thrown into prison. It was not until the

opening of the nineteenth century that Lalande took the
principal position at the now National Observatory, M^chain
succeeding to it in 1801, and Bouvard in 1811, when it

had become Imperial.

In Germany, Berlin had had for ninety years a small
observatory, erected in 1705 as part of the building of the
Academy of Sciences, and this was not superseded until

the time of Encke, under whom the new observatory

was constructed and equipped, but not finally completed
until 1826. The Seeberg Observatory, from which Encke
removed to Berlin, was founded by Duke Ernest II. in

1791, and was the scene of the labours of Von Zach,
Lindenau, Encke, and Hansen, in whose time it was
removed to Gotha. Gottingen University possessed an
observatory even earlier, in which Tobias Mayer made his

observations ; this was superseded by the present building

in 1811. Leipzig also had a university observatory founded
in 1787 ; it was here that d'Arrest in later times made
his observations, and it was not superseded until 1861,
when the new observatory was erected under the

direction of Prof. Bruhns. At Lilienthal, near Bremen,
Schroter's private observatory was established in 1779,
and work was continued there until the year 1813. An
observatory, removed to Karlsruhe in 1879, was fotmded

at Mannheim in 1772. Not much, however, emanated
from it until 1860, when improved instruments were
obtained, and Schonfeld commenced his observations on
uebula\ Vienna possessed an observatory, forming part

of the university building, in 1756, but the position was
very unsuitable, and the equipment very insufficient, so

that but little astronomical work was done in the capital

of Austria until 1820, when the observatory was rebuilt

and better equipment provided. It was superseded by the

present splendid establishment at Wiihring, on the ridge to

the north-west of the city, which was commenced in 1874,

and finished in 1879. Prague has had a university

observatory since 1751, but very few astronomical obseri-

vatious were taken there, and at present the work is

almost confined to magnetic aud meteorological investiga-

tions. Budapest has a royal observatory, founded in 1777,

and a new building was erected in 1813, but scarcely any-

thing has emanated from it. Kremsmunster, in Upper
Austria, has possessed an observatory even longer. It was
gg^^^ablished at the gymnasium of the Benedictines in 1748,

but" instruments w-ere H9*' .Provided to make it of any

practical use until many years afterwa.''i?.^-

Tarniug to Holland, one finds that both Leyden aSd

Utrecht possessed university observatories at the end of

the last century, but neither had provisions for making
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any observations of value until the former was transferred

to its present site, where the fine new building was erected

under the auspices of Kaiser, and completed in 1860
;

whilst at Utrecht the observatory was remodelled in 1855,

but is not yet adequately provided with instruments.

A similar remark may be made of the state of observatory

work in Switzerland a century ago. Small establishments

were buQt at Geneva in 1775 and at Zurich in 1759, but

the instrumental provision for both was very inadequate.

Still less can be said of the peninsula of Soain and
Portugal in this respect. The observatory of San Fernardo,

near Cadiz, was not founded until later, and though that

of Coimbra preceded the former by about five years, it was
not an establishment at which much could be done.

Italy was somewhat differently placed. The observatory

at the Collegio Romano was established in 1787, though
its real activity began long afterwards under De Vico.

Bologna possessed a university observatory as long ago as

1721, but the work accomplished there has never been
regular. The now famous Brera Observatory, at Milan,

was founded in 1765, but its instruments were for many
years iusufBcient for important work, and the early

directors, Oriani and Carlini, occupied themselves princi-

pally with theoretical investigations. The observatory of

Padua University was founded about two years earlier, but

its instrumental equipment was also very small for many
years. That of Turin was erected first in 1790 by the

Academy of Sciences, and rebuilt in 1820.

Florence had a small observatory as early as 177-1, which
formed part of the building of the Museum of Science and
Natural History, but the real astronomical activity of that

place began with Donati, and the old observatory has
been lately superseded by that of Arcetri, which was,
imfortunately, very badly built. In speaking of Italy, Sicily

must not be forgotten, as the royal observatory at Palermo
was founded in 1790.

Passing on to Scandinavia, it is recorded that Denmark
possessed an observatory at Copenhagen from 1614,

situated on the top of a high tower, but Homer found
the locality so unsuitable that he made his observations

at a place selected by himself, some distance from the city.

The tower observatory was burnt in 1725, and afterwards

rebuilt. The present observatory, rendered famous by the

labours of d"Arrest and Sobjellerup, was erected on another
site Ln 1861. The Stockholm Observatory was founded by
the Academy of Sciences in 1750, and it was there that

Wargentin carried o)i for many years his observations

of Jupiter's satellites. The Upsala Observatory was
established twenty years earlier, in 1730, but until later

times not much was done there.

Russian astronomical activity really began with the

erection of the Dorpat Observatory, in 1808. At the time
of which we are speaking the only observatory in that

country was a small one at St. Petersburg, founded by the

Academy of Sciences in 1725. It was left for the Czar
Nicholas I. to establish a first-class observatory in Russia
by the foundation of that at Pulkowa, which was completed
in 1839, and to which the famous W. Struve migrated
from Dorpat.

[Mr. Lynn's interesting review of the state of astrono-

mical observatories one hundred years ago omits any notice

of the second English Royal Observatory, that of Kew,
founded by George III. in 1768, in preparation for the
transit of Venus of 1769. Dr. Demainbray, the first

director, died in 1782, thirteen years before the date which
Mr. Lynn is reviewing ; but his son, the Rev. Stephen
Demainbray, continued Ln charge of the observatory till its

abolition in 1840, when the instruments were handed over

to King's College, London.

The obsei-vatory at St. Petersburg, as originally founded
in 1725, was by no means a small one, having a frontage
of two hundred and twenty-five feet, and central towers
one hundred and forty feet high, and it had been equipped
with every variety of instrument known to the astronomers
of that day. Only the observers were lacking. This
building had, however, been almost entirely destroyed by
fire in 1747, and Mr. Lynn is correct in describing the St.
Petersburg Observatory as " small " in 1795, and in his
remark that Russian astronomical activity really began in
1808 with the foundation of the Dorpat Observatory.

—

E. W. Maunder.]

THE SOUTHERN MILKY WAY, WITH
SYDNEY STAR CAMERA.

By E. Walter Maunder, F.R.A.S.

THE

THE two photographs which we reproduce in the
present number of Knowledge were sent to the
late Editor by Mr. H. C. Russell, Director of the
Sydney Observatory, in the course of last year for

a special purpose, viz. : to show the difference in
the rendermg of a portion of the heavens by a photograph
on a considerable scale from that by one on a small scale.
The present photographs were taken with the telescope

constructed for the International Astrographic Chart, of
thirteen inches aperture and eleven feet focal length.
The scale, therefore, is one of 2-36 inches to the degree.
They were intended by Mr. Russell to be compared with
plates 9 and 10 in the volume of photographs which he
published in 1890 (" Photographs of the Milky Way and
NubeculiE, taken at Sydney Observatory, 1890 "), and
which were taken with a portrait lens of six inches aperture
and about thirty-one inches focal length ; the scale, there-
fore, being one of 0-556 inches to the degree.

Both photographs are of extraordinarily rich regions in
the Milky Way. Fig. 1 shows a district in the constellation
Norma, with its centre in R.A. 16h. 19m., S. Deo. 52° 31'.

Of this district Herschel says :
" The Milky Way here is so

immensely rich as to be one vast cluster of stars." Fig. 2
is of a richer region still, with its centre in R.A.
17h. 46-6m., S. Dec. 30^ 2'

; length of exposure, 6h. 14m.

;

not far from Yi and y-, Sagittarii, and a little to the south
of the Great Trifid Nebula. This is the very brightest part
of the entire Galaxy. Nowhere else are the stars so
closely crowded. The only region to parallel it is the
Greater Magellanic Cloud, in portions of which they seem
to cluster, if possible, more closely still.

A photograph of this second region with the portrait

camera of the Sydney Observatory was, through the
kindness of Mr. Russell, presented to the readers of
Knowledge, in the number for March, 1891, and another
taken with a lens of corresponding aperture and focus by
Mr. E. E. Barnard, in the number for December, 1891.
In the following issue—January, 1892—Mr. Ranyard
pointed out the curious resemblance to a human face

which could be traced in part of Mr. Barnard's photograph,
and which might by careful examination be recognized
also, though much less easily, on Mr. Russell's.

As a careful comparison of the first photograph given in

March, 1891 with the second reproduced now will soon
show, the long focus telescope has many advantages over the
shorter one. First of all, far more stars are shown.
Referring to the earlier photograph, two bright stars may
be seen four inches from the northern edge of the plate,

and respectively 1-05 and 0-75 inches from the preceding

edge. A little above them is a smaU cluster ; its centre
3-75 inches from the northern edge, and ab-jut one inch
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from the preceding. In the triangle, included within these

three poiuts, eighty-three stars were shown on the
original negative. Taming now to Fig. 2, we find the two
stars, one at the intersection of lines 20 and 37, the other on
line 25, and midway between lines 37 and 38, and the clitster

near the intersection of lines 21 and 41. Within this

triangle the original plate, taken with the star camera,
showed no fewer than one thousand one hundred and sist)--

six stars. And this proportion—fourteen times as many
—Mr. Kussell found to be " a fair index of the greater star-

grasping power of the long star camera." In the smaller
pictures stars are lost, both by want of that sharp definition

which the telescope of longer focus gives, and by the

images of neighbouring stars being run together, which
are distinctly separated on the greater scale of the star

camera photograph. An appearance of nebulosity which
has no real existence may, therefore, be created in places

on the small scale plates, and in this particalar instance

the " face " to which Mr. Einyard called attention in the
Lick photograph can no longer be saen in the larger scale

plate now before us. " My own experience," Mr. Kaasell
writes in this connection, " leads ma to think that one is

apt to ba misled by forcing the development of astro-

nomical photographs of the Milky Way. I have found,
for instance, that what I took to be nebula in one of my
short camera pictures turned out to ba simply stars

when taken with the long camera, just as in the case
above referred to."

Yet the curves and lines of stars are still to be seen, and
the dark " lanes" and rifts. In these two photographs the
rifts tend to ba winding and irrejular, though Fig. 1 shows
at least one uainistakable "lina" as straight as it could
possibly be. Tnese configurations, then, are no mere
delusive eS'acts of the necessary imperfections of small-scale
photographs, but have an actual existence.

The field for the short focus camera in astrographic
work is two-fold : the detection of faint extended nebulous
matter, and the rendering of broid aspects of stellar

grouping. For the accurate presentation of details, we
must turn to telescopes of considerable focal length.

The two photographs show, beside the stars, the imprint
of the lines of the standard reseiu, used on all the plates of

the Internitional Chirt, bjth for convenience in measuring
the plates and for the detection of accidental distortion of

the film.

Notices of Booifes,

From tJie Greeks to Darwin, By Prof. Henry Fairfield

Osborn, So.D. Pp. 251. (Mtcmillan & Co.) It is worth
remembarmg that two thousand years ago Aristotle had a
general conception of the origin of higher forms of life

from lower, and that he considered and rejected the theory
of the survival of the fittest as an explanation of the

evolution of adaptive structures. Evolution has, indeed,
only reached its present fulness by slow additions from
the days of the Ionian school ; in other words, the theory
has itself been evolved. In the philosophic volume which
Prof. Osborn has presented to the scientific world, the
story of the development of the evolution idea is traced

from the earliest times. He distinguishes four specia

stages in this progression. Between 6i0 b.c. and 1600 a.d.

the world saw the rise, decline, revival, and final decline

of Greek natural history and Greek conception of evolution.

In the seventeenth and eighteenth centuries moJeru
evolution, as part of a natural order of the uaivarse, had its

beginning ; tnen cxme the perioi of midera inductive

evoiutioa, with which are associated the names of Buffon

and St. Hilaire, of Erasmus, Darwin, Goethe, Treviranus

and Lamarck ; and finally we have the fourth period

commenced by the publication of Darwin and Wallace's

observations—a period which is marked off from the others

so abruptly that it may well be regarded as the beginning

of quite a new era, for since 1858 more works upon

evolution have appeared each year than in all the centuries

previous. The '• tyranny of space" prevents our giving a

critical notice of Prof. Osborn's scholarly work. We can

only say that the author appears to have carefully and

impartially considered the truths and speculations that

clustered round the doctrine of evolution in the twenty-four

centuries between Thales and Darwin. No student of

evolution should be content until he is familiar with this

history of the theory's struggle for existence.

What is Heat ? By Frederick Hovenden, F.L.S., F.G.S.,

F.E.M.S. Pp. 350. (W. B. Whittingham & Co.) Mr.

Hovenden poses as a Daniel come to judgment. He essays

to correct the conclusions of such investigators as Maxwell,

Clausius, Joule, and L )rd Kelvin, with regard to the

kinetic theory of matter, and after proving to his own
satisfaction that the physicist generally " has got much
beyond his depth," he states a new hypothesis in a series

of twenty-three articles. Here is one of these confessions

of faith :
—" When ether is uninfluenced by external forces,

it rises from the surface of the earth or anti-gravitates
;

and when atoms or molecules absorb this fluid, they

increase in volume in the ratio to the quantity of this fluid

absorbed, and they become in that ratio also specifically

lighter. Therefore atoms and molecules ai-e not constant

in dimensions." Merely to state Mr. Hovenden's ideas

would take up many of our columns, and as anything we
might say about them would assuredly be accepted as

commendation, it is judicious to refrain from traversing

his arguments. The many experiments he has made
indicate that he is a man of energy and ingenuity ; but

the conclusions drawn from the experiments are sufficient

to prove, to every competetent judge, that his perspicacity

is as faulty as his knowledge of molecular physics is

deficient.

A Handbook to the Order Lepidoptera. By W. F. Kirby,

F.L.S., F.E.S. Part I., Butterflies. Vol. I., pp. 215.

(London : W. H. Allen & Co., Limited, 1894.) This la

another volume in the " Naturalist's Library," edited by

Dr. Bowdler Sharpe. Like its companions, it is readable,

instructive, and well illustrated, and Mr. Kirby's name is

a sufficient guarantee for accuracy and completeness of

work in the present state of knowledge. The volume
deals with the great family Nymphalidie taken in their

broad sense, and the second volume will be devoted to the

remaining families, so that the two will form a complete

work on butterflies. The young collector and the serious

student of entomology should certainly add the volumes to

their libraries. They will thus possess an excellent work,

not only on British butterflies, but on the butterflies of the

world.

Elements of Astronomy. By George W. Parker, M.A.
Pp.232. (London: Longman, Green & Co.) Judging from
this production, we should say that the author has only

a limited acquaintance with astronomy. It may appear a

mere cavil to complain that the work lacks originality, for

the mathematical principles involved in developing the

theory of celestial motions are the same yesterday as

to-day. Nevertheless, when a work such as Hersohel'a
" Outlines " or Young's " General Astronomy " appears,

something new and attractive in the mode of presentation

is apparent to every competent critic. The fact is, iAx.

Parker has fashioned his work according to the require-
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ments of students in Trinity College, Dublin, and aspirants

for degrees in the London and Royal Universities ; there-

fore the real seeker after knowledge will have little interest

in it. There are numerous examples and examination
papers, and these will doubtless help to fix the elementary

principles of astronomy in the students' minds. But to an

experienced eye it is evident that the author is out of his

depth when he essays to describe the appearance and
constitution of things celestial. He apparently accepts

Schiaparelli's conclusions as to the rotation periods of

Mercury and \'enus, though later work has practically

disproved the hypothesis in the latter case. Again, he is

too foud of quoting descriptions of heavenly bodies, for-

getting that quotation is generally a sign of weakness.

For instance, all that is said about the ring nebula in

Lyra is the following sentence from Sir Robert Ball : "It
consists of a luminous ring, but the central vacuity is not

quite dark, but filled in with faint nebula, like a gauze

stretched over a hoop." Nothing can justify such frag-

mentary treatment as this. Then the spectrum of the

white stars is said to consist of dark hydrogen lines, and
" with the exception of these lines the spectra are con-

tinuous." There are many similar inaccuracies, but enough
has been said to show the nature of the book—a book
which possesses few features worthy of commendation.

Edible and Poisonous Mushrooms. By M. C. Cooke,

M.A., LL.D. Pp. 126. (Society for Promoting Christian

Knowledge.) It has been said that " mushrooms are the

gift of nature," but Dr. Cooke's little volume shows that

many of us do not fully appreciate nature's bounties. By
means of eighteen coloured plates, illustrating forty-eight

species, the differences between edible and poisonous mush-
rooms are clearly shown. Experienced fungus-eaters know
that some seventy or eighty common species found in this

country may be eaten with safety, but it is sufficient to be

able to recognize eight or ten of these in order to provide

all the variety an ordinary person requires. That some of

the repulsive-looking mushrooms figured in this volume
are edible will be a revelation to most people. Dr. Cooke
remarks that the chief features exhibited by poisonous
mushrooms are—disagreeable odour ; change of colour,

especially to a dark blue, when cut or bruised ; distinctly

unpleasant taste when a fragment is eaten raw ; and fungi

containing a milky juice. These general rules serve

roughly to distinguish bad from good fungi ; but a refer-

ence should be made to Dr. Cooke's figures and his concise

descrijitions, or to some other competent authority, before

eating any doubtful species. As an aid to such discrimi-

nation the book will be extremely useful.

Climbiiii/ in the Hi>nalai/i>s : iLips and Scientific Bepoiis.

By W. M. Conway, M.A., F.S.A., F.E.G.S.' Pp. 127.

(London : Fisher Unwin. 1894.) The publication of these
scientific reports as a supplementary volume to Mr.
Conway's general description of his expedition to the

Kai-akoram-Himalayas was, perhaps, the best course to

adopt both from the points of view of the general reader
and of the man of science. We find in these reports a
list of measured altitudes, notes on specimens of rocks,

plants, butterflies, and moths, collected during the journey

;

a description of two skulls brought by Mr. Conway from
Nagyr (and which are very similar to a series of skulls of
Kashmiris) ; a discussion of the symptoms of mountain
sickness and the sphygmograph tracings obtained at
different altitudes ; and a large map showing the physical
features of the region traversed and surveyed, together
with explanatory notes. Each report is written by a
specialist, and hence the whole collection makes a volume
of high scientific value.

Mcteoroloffi/, Practical a7i<l Applied. By John WUliam
Moore, B.A., M.D., &c. Pp.445. (F. J. Rebman.) Good
books on meteorology are none too numerous, though the

number of meteorological observers is very large, and
though everyone is interested in weather changes and
their prediction. In Dr. Moore's attractive volume we
have a welcome addition to the literature of the science,

appealing not only to meteorologists in general, but to

medical officers of health, and to a wide circle of readers

who find pleasure in an untechnical description of methods
of observation, and the knowledge to which they have led.

The work is divided into four parts : first comes a his-

torical introduction ; then a description of the instruments

and methods of practical meteorology ; the third part

treats of climate and weather : and the fourth is on the

influence of weather and season upon disease. The whole
is well put together, and there is nothing which cannot be

comprehended by anyone of ordinary mental capacity

and fair education ; while the copious illustrations assist

iu brightening the excellently-printed text. A distinctive

and valuable feature of the book is the chapter on the

organization of the British Meteorological Office, running

into eleven pages. We cannot imderstand, however, why
more than fifty pages should be devoted to the history,

organization, and work of the United States Weather
Bureau, or why a long list should be given of the publica-

tions of the United States Signal Serrice. Possibly

Dr. Moore was tempted to include this extended account

because Mr. Mark Harrington prepared it. The greater

portion of the book is made up of extracts and abstracts,

but as these have been judiciously selected, and as references

are always given, the volume possesses additional value to

the student. Altogether, we think Dr. Moore has given

his professional brethren, and his fellow-observers in

meteorology, a very useful work.

Prognss of Fly inij Machines. By 0. Chanute, C.E. ("The
American Engineer and Railroad Journal," 47, Cedar

Street, New York. 1894.) Whi'e it must be acknowledged

that the conquest of the air is a very difficult matter, as

far as rapid flight is concerned, its possibility is, at last,

admitted by all those who have seriously considered the

subject. It is, therefore, with very considerable satisfaction

that we have to announce the publication of this book,

which must become a standard work for many years to

come. The volume consists of a series of articles contri-

buted to twenty-seven issues of The American Engineer,

from October, 1891 ; to which Mr. Chanute has added an

appendix containing an article on the flight of the alba-

tros, by Thomas Moy. and a description of the interesting

and ingenious experiments in sailing flight by Otto

Lilienthal. The book is full of interesting matter, and

very carefully written.

Proceedings of the International Conj'eren-e on Aerial

Xacigativn, held in Chicago, August Ibt, 2ud, 3rd and 4th,

18a3 (' The American Engineer and Railroad Journal,"

47, Cedar Sireet, New York. 1894.) This is ano;her

valuable work upon the same subject, cousis'ing ot full

reports of the Congress held in Chicago in connsction with

the Exhibition of that year. The treatment of the subject

by the most able men of the day cannot fail to make the

book both instructive and thoroughly enjoyable.

Ponds and Rock- Pools. By Henry Schcrren. Pp. 201.

(The Religious Tract Society.) Young coUeetors and bud-

ding biologists wUl find in this volume an abundance of

information concerning the beauties of microscopic sea-Ufe,

and the inhabitants of ponds. They will learn something

about the habits of the plants and creatures they collect,

and will be guided to see and discover similarities and
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differences between the various forms ; they will, in fact,

be initiated into the ways of true naturalists, for science is

made up of the accumulation of facts and the illscussion

of their relation to one another. This both instructs in a

definite line of work fairly easy to follow, and while it will

certainly develop interest in microscopic aquatic life, it

may also help in the education of scientific investigators.

A chapter on the management of the micro-aquarium
shows the student how to stock and study the objects he

collects.

BOOKS RECEIVED.

Fust Year of ficieiitifio Knoirlfdge. Bv Paul Bert. ( Eelfe Bros.

)

2s. 6d.

Mechanics: Theoretical and Practical— Statics. By R. T.

Glazebrook. (Cambridge UniTcrsity Press.) 3s.

Conic Sections treated Oeometricalli). Br W. H. Besaut, D.St-.,

F.R.S. (Geo. Bell & Sons.) 4s. 6d.

An Elementarit Text-book of Hydrostatics. By William Briggs.

(University Correspondence College Press.) 23.

The Source and Mode of Solaf lUnergy throvghout the Vnirerse.

By I. W. Heysinger. (Lippincott.) Illustrated.

The Story of the Stars, simply toldfor Gt neral Readers. By
C. F. Chambers. (Xewnes.) Illustrated. Is.

The Astrologer s Ready Reckoner. By C. J. Barker. (Occult

Book Company, Halifax, U.S.A.) 3s. 6d. net. F( r ascertaining the
approximate zodiacal position of the sun, moon, and stars. AVith

tables showing the time of the sun's return to a given position in the

zodiac for the erection of revolutionary or solar figures.

Bibliogrnjihy of Aceio Acetic Ester and its derivatives. By Paul
II. Seymour. (Smithsonian Institute.)

The Tarietiei of the Human Speciei. By Guiseppc Sergi.

(Smithsonian Institute.)

Popular Phrenology. By Prof. W. Cross. (Iliffe & Son.) Is.

A Student's Te.vt-hook of Sotani/. Bv Sydney H. Tines, M.A,,
D.Sc , F.R.S. (Swan, Sonnenschein',S: Co.") 'iSs.

SUSSEX: ITS GEOLOGICAL STRUCTURE.

By Prof. J. Logan Lobley, F.G.S., &c.

SUSSEX geologically may be considered to be a

counterpart of Surrey, since it is mainly formed by
the southern half of the great anticlinal of which
Surrey occupies so large a part of the northern
half; while, therefore, their general dip is in an

opposite direction, the formations, with one or two excep-

tions, are the same in the one county as in the other.

The Thanet Sands, the Oldhaven Beds, and the Bagshot
Sands of Surrey are absent in Sussex ; but, on the other

hand, the more southern county exposes lower beds than

any having an outcrop in Sm-rey, for the lowermost
members of the Hastings Sands form a large area in

Sussex, and the still older Ashburnham Beds, once included

in that division of the Wealden series, but now classed with

the Pm-becks, are at the surface near Hastings and Battle.

As the main Wealden anticlinal axis extends east and
west, not far distant from the north side of the county, the

dip of the formations of Sussex generally is towards the

south. The beds of the narrow strip of country between
the anticlinal axis and the northern boundary, of course, dip

to the north, and the central area of the county is so

faulted that there is in that district much local diversity of

dip. But the feature of Sussex that renders it most con-

spicuously different from the quite inland county of Surrey

is its long coast-line, which presents a front washed by
the English Channel of about 90 miles. Sussex is about

78 miles in length from the Hampshire boundary on
the west to Kent Ditch on the east, with a somewhat
regular breadth, having a maximum of about 27 miles,

giving a total area of 934,00G to 019,881 acres, which
exceeds the area of Surrey by 4-17,807 to l(i3,H42

acres.

The main physical divisions of Sussex, each of distinctly

different geological structure, may be stated to be ;

—

(1) The district at the south-west of the county lying

between the South Downs and the sea
; (2 1 the area of

the Downs
; (3) the valley along the north foot of the

Downs
; (4) the elevated lands at the north-west, and

extending southwards and eastwards north of the Downs ;

(5) the great Weald Vale ; and (6) the Forest district.

It will be seen that these correspond very closely with

the physical divisions of Surrey, and that a most con-

spicuous feature in each county is the Downs area, but

there is one important exception, for the Bagshot district

of sandy heaths is quite unrepresented in Sussex.

The Forest district occupies a very large area, since it

forms the central portion and the whole of the north-

eastern part of the county. It extends along the ridge

and on both sides of the main Wealden anticlinal, and
consists of elevated land, varied with numerous small and
some considerable valleys, and attains at Crowborough
Beacon, in Ashdown Forest, an elevation of 79(3 feet

above Ordnance Datum. It is a richly wooded district,

which, with its diversity of surface, gives great picturesque-

ness, with, in some areas, much wildness of aspect. St.

Leonard's Forest, Tilgate Forest, Worth Forest, Balcombe
Forest, and Ashdown Forest, cover very large areas of

the highest ground, while many beautiful parks adorn the

slopes and valleys, including the grandly timbered Bridge

Park, the oldest deer-park in England. The forest ridge,

extending to the sea, gives the lofty cliffs from Hastings to

Fairlight Head, which at the coastguard station rise to

478 feet above the level of the sea.

The whole of this extensive area is formed by the

Hastings Sands and the patches of Purbeck beds before

mentioned ; the highest levels in Ashdown Forest con-

sisting of the lowest division of the sands, the Ashdown
Sands.

A considerable amount of interest attaches to the Purbeck
beds of Sussex, since the celebrated Sub-Wealden boring

of 1872-74 was carried out in Limekiln Wood, near Battle,

on these beds, as the lowest geologically of the whole of the

Wealden area. Although, at 1780 feet, Palseozoic rocks

with coal were not reached, as expected by some, the

results were both of scientific and economic importance,

for the true character and position of the Ashburnham
beds were determined, the thickness here of the underlying

formations ascertained, and valuable beds of gypsum were
struck within 140 feet from the surface.

Dipping at a greater angle than the surface slope, the

Ashdown Sands pass under the middle and upper members
of the Hastings Sands, which constitute the greater portion

of the Forest district, and of this portion the Tunbridge
Wells Sands form much the larger area. These are for

the most part soft, white sand-rocks, of which the well-

known " Piocks " of Tunbridge Wells and Eridge, and the

"Toad Eock '' of Rusthall are good examples; but near

Cuckfield they furnish a hard building stone, the Tilgate

grit, in which Dr. ^lantell's Ljmmodon was first found.

It was chiefly from the Wadhurst Clay, between the Ash-
down and the Tunbridge Wells Sands, that the ironstone

nodules were obtained that furnished the Wealden iron ol

the last and preceding centuries. Many names are met with

in Sussex that serve as memorials of the old iron industry

of the Weald. " iline-pits " may still be found in the

woods of the Ashburnham district, and slag-heaps over-

grown with vegetation at the sites of the former furnace

tires.
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The Forest district is greatly faulted, which places lower
beds iu surface contiguity with higher in many places, and
so greatly diversifies the subsoils.

The great ^^'eald ^'ale of Sussex is continuous with that

of Surrey, and, spreading to the west and south, forms a
broad area to the west of the Forest district, and extends
southwards and eastwards round its western end and along
its entire southern side. This is also a very extensive
area, and is altogether formed by the vast thicljness of

accumulated estuarine clays named the Weald Clay, which
here, as in Surrey, forms an undulating plain, and supports

abundant oak timber. The clay is variable in character

into the English Channel. There is a considerable
amount of low flat laud in the river valleys, especially in

those of the Arun and the Ouse, which is formed of

Alluvium giving rich pasturage.

The South Downs are the southern remnant of the great

sheet of Chalk that covered the whole area of the Weald
continuously with that now forming the North Downs.
The summit of the ridge and the southern gentle slope

consist, therefore, of the Upper Chalk, while the Lower
Chalk and the underlying Upper Greensand crop out on the
face of the northern steep slope or escarpment, the dip of

the beds being about 2° as in the North Downs, but to the
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and is worked for both coarse brick and tile clay, and for

the finest terra-cotta clay, as at Ditchling Common.
Included in the Weald Clay are three thin beds of lime-

stone, one of which is called Sussex marble on account

of its containing abundant Paludinm, like the Purbeck
marble, and four beds of sands or sandstones, the lowest

of which constitutes the building stone known as Horsham
stone.

The elevated district at the north-west of the county,

and curving round the west end of the Weald Yale to the

south, and then extending at a lower elevation to the east

on the north side of and roughly parallel with the South
Downs, is the Lower Greensand area of Sussex. This

formation does not form so large a proportion of the area

of the county as it does in Surrey, but attains almost as

great an elevation, for at Black Down it rises to 918 feet

above the level of the sea.

All along the base of the northern steep slope or escarp-

ment of the South Downs there extends a series of vales

answering to the long valley of Holmesdale at the foot of

the escarpment of the North Downs, and having like it

a narrow outci'op of the Gault forming its bottom levels
;

and like it, too, separated from the Weald Clay Yale by a

Lower Greensand ridge, though of a less pronounced
character. This vale broadens where a river crosses to

enter the Chalk area, but the Gault is there covered by

Alluvium. South-west of Eye the outcrop of the Gault

widens considerably, as it does also in the west of the

county.

The commanding range of hills, the South Downs of

Sussex, running from the Hampshii-e boundary to Beachy
Head, is about fifty-five miles in length, and attains an
elevation of 813 feet at Ditchling Beacon, which is 63 feet

less than the summit elevation of the North Downs, that

being 881 feet above the level of the sea. The following

heights above Ordnance Datum give the elevation of well-

known points on the range from west to east ; Treyford
Hill, 771 feet ; Cocking Down, 731 feet ; Duncton Down,
837 feet ; Bignor Hill, 738 feet : Kithurst Hill, 697 feet

;

Highden Hill, 667 feet ; Chanctonbury Ring, 783 feet

;

Cisbury Hill, 603 feet ; Truleigh Hill, 600 feet ; Devil's

Dyke, 697 feet ; Ditchling Beacon, 813 feet : Iford HUl,
610 feet ; Firle Hill, 700 feet ; Willingdon Hill, 665
feet ; Beachy Head, 512 feet.

Like the North Downs, the South Downs are crossed by
four valleys, through which flow rivers that drain the
interior Wealden area. The four rivers crossing the area

of the South Downs are from west to east, the Arun, the

Adur, the Ouse and the Cuckmere, which all flow directly

south instead of to the north. In the neighbourhood of

Newhaven and of Seaford are outliers of Woolwich Beds
over the Chalk, and at Brighton there is the Temple
Combe deposit. The South Downs are not so extensively

covered at high levels with superficial deposits as are the

North Downs, and consequently are not so well wooded.
They give long stretches of beautiful sward, firm yet elastic,

affording magnificent walking and riding ground in the

purest atmosphere. They are traversed by paths, but in

many places so indistinct that they are easily lost, and at

Storrington the church bell is tolled, as in the old curfew

days, to guide belated travellers across the Downs.
Although the great proportion of the area of the South

Downs is open grass-land, giving excellent pasture to the

far-famed South Down sheep, yet there are some splendidly

timbered parks on their slopes, for the noble parks of

Goodwood, Arundel, Angmering, and Stanmer are all on
the sunny southern slope of the South Downs. From
Beachy Head to Brighton the Downs form the coast,

giving lofty sea-cliffs ; then westwards, they leave the

shore-line and gradually recede from the sea, running
north of Cbichester to the Hampshire boundary.
The area at the south-west of the county lying between

the Downs and the sea projects southwards, and forms

the promontory of Selsea Bill. This is the Tertiary

area of Sussex, the whole being formed by Eocene
formations though cverlaid by superficial deposits of

gravels, sands, and brick-earth. The Woolwich and
Beading Beds form the northern portion, the London
Clay the central, and the Middle Bagshot or Bracklesham

Clays the southern part. These formations are so obscured

by their covering of drift that the Middle Bagshots are only

seen at the sea-shore of Bracklesham Bay, while the beds

of London Clay age appear at the surface at Bognor only.

The long coast-line of Sussex is greatly diversified in

elevation as it is in geological character. The low level

Selsea Bill at the west continues to Brighton with little

alteration of elevation, but thence to Beachy Head the

coast is bold, presenting lofty cliff's of chalk to the sea, the

clitl' at Biachy Head being 811 feet above sea level. From
Eastbourne to Hastings there is a stretch of low land

which is succeeded by the bolder coast of the Hastings

sands, with Hastings Castle at 189 feet, and Fairlight

coastguard station at 478 feet above sea level. The
alluvial flats at the mouth of the River Bother give a low

coast at the most eastern end of the Sussex coast-line,

corresponding to the west end of the county. Although

at some points shingle and blown sand are being

accumulated, at other places the coast is being vigorously
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attacked by the waves, and, as at Brighton, where the

coast-line IJas greatly receded iu historical times, costly

works are required to prevent further and most destructive

encroachments.

THE HOUSE-SPIDER IN CAPTIVITY.
By the Kev. Henry 1). Nicholson, M.A.

HAVINtl caught a common house-spider, I put it

under a glass shade foV the night. The next morn-
ing it had spun some web, but all on the wooden
stand of the shade, with guy threads reaching

a short way up to its sides. Evidently the spider

was unable to climb up the glass, and thus was prevented

from making a perfect web ; so I made a sruall cage of per-

forated zinc, with a leiuovable glass front, to which I trans-

ferred the captive. The next night it made a iresh web—

•

a tangled, shapeless festoon, sloping upwards at an angle

1 X, v,T

of about forty-five degrees, and secured to the roof of the

cage. Here the spider remained through the day, motion-
less in a corner on the bottom of the cage but not in the

web, which indeed appeared unable to support its weight,

except in the densest part, quite at the base.

I then captured another spider, rather larger than the

first, and of a different species, and introduced it into the

cage. The new comer immediately prepared to attack

the previous occupant, marching along in a clumsy style

till close before its enemy. Then it reached out a long
leg, which action was resented by the first occupant by a

sudden quick dart and
retreat, several times

repeated, the" intruder

remaining perfectly in-

difl'erent to the demon-
strations. At last the

first turned tail and
made oft', pursued by the

aggressor in the same
dogged stalking fashion

round and round the

cage. At length hostilities ceased, and I retired for the

night, leaving both the spiders at rest in opposite corners.

Next morning I found them engaged in deadly combat,

close locked together on the bottom of the cage.

I immediately set the cage on a table near a window
with good light, arranged my camera, and took the above

picture. An hour afterwards the battle was over, the

intruder vanquished, and the conqueror was devouring its

victim. T'of victis

!

Sott« Utmxt patents.

H. F. Fostei', London. Tiu-

pi'ovemeuts in gas and othei' in-

ternal uonibnstion engines. This i.i

atjuulemengine. Tlie upper eylin-

(ter C' is the small eyltnder, and

the lower cylinder C' is the large

evliuder. t) is the trunk piston.

Within the trunk are two pistons

I I', connected together by a

jiiston rod K, the rod passing

through a stuffing box, and thus

forming two air cushioning

chambers 6 J\ lor relieving the

shocks arising t'roiu the explo-

sions. The cycle of operations

is as follows :

—

1. On the down stroke, the

top cylinder's charge is exploded

wliile the bottom cylinder is

inhaling a new charge.

2. On the up stroke, while

the upper cylinder is exhausting,

the lower cylinder is compressing

its new charge.

3. On the down stroke, the

lower cylinder is now exploding

while the upper cylinder inhales

its new ch.arge.

4. On the up stroke, while the

lower cylinder is exhausting, the

upper cylinder is now compressing
its new charge.

During tlie four strokes two
explosions are obtained.

Xo. 20n4. Dated 31.vt J«h-
,iiari/, 1894. Accepted 'i\st

Jaiiuarij, 1895. Two figures.

0. K. Welch, Coventry. Improvements in tension or suspension
wheels. This invention applies to wheels with hollow rims, havi"g
two thicknesses or sections of metal between the tyre and the hub ;

and provides a detachable cup or nipple, bearing upon both parts of

the tabular rim; the spoke being secured by screwing the nipple

upon it. The drawings consist of thirteen figures illustrating various

methods of carrying out the invention.

Ho. 4419. Dated 2iid 3larch, 1894. Accepted 2nd Fehruani,
1895.

C. J. Brown, London. Im-
provements in apparatus for

heating water or steam ; also appli-

cable for condensing purposes.

This invention consists of an im-

proved form of tube and tube plate,

whereby an uninterrupted course

is allowed for the precipitation

and deposit of mud, saline, lime,

and other impurities, and free

access is allowed to the exterior of

the tubes from both ends of the

heater.

Eeferring to the figure, the in-

vention will be readily under-

stood. A is the casing, in section,

having the water inlet (not shown
in the figure) into the casing at

the level of c d. C is the outlet

;

E are the tubes ; D is an annidar

ttibe plate ; Gr is the steam inlet

and H the steam outlet The space

I is divided into two semi-annular

chambers. M is the space pro-

vided for the collection of sedi-

ment, etc-

No. 5766. Dated 20f/i March,
1894. Accepted 2nd February, 1895. Four Hgures.
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THE MAGNETIC NEEDLE.
By Vacghan Cornish, M.Sc, F.C.S.

IF
we may consider any body which has the property of

attracting iron as being a magnet, then the earth

itself must ba looked upon as the primitive magnet.
Iron is not necessarily a magnet, but every piece of

iron has a tendency to become one under the induc-

tive action of the earth's magnetic force. If a piece of

soft iron be placed in a vertical position its lower end
becomes, in these latitudes, a north-seeking magnetic pole,

and by hammering the bar while in this position it becomes a

permanent magnet. An iron ship in course of building is

subjected to constant hammering, and when it leaves the

stocks is a powerful and permanent magnet. Native iron

is very rarely met with, but an oxide of iron called

loadstone, containing seventy per cent, of the metal, occurs

abimdantly, and may in a certain sense be considered as

the primitive magnet.
With the exception of steel and iron, some of the iron

ores, and the allied metals cobalt and nickel, aU other

bodies are practically non-magnetic ; their magnetic pro-

perties being almost infinitesimal in comparison with those

of iron. This circumstance gives a peculiar character to the

science of magnetism, and makes the study of the subject

very different from that of electricity, which is associated

with all sorts of materials. Another striking difference

between magnetism and statical electricity consists in

the fact that we cannot isolate "north" magnetism
from " south " magnetism, as we do positive from negative
electricity. When an iron or steel bar is magnetized,
positive and negative magnetism are produced in equal
strength and the magnet has its north and south pole.

We cannot draw ofi" the " south " magnetism and leave a
" north " magnet. The experiment may readily be
tried on a watch spring which has been magnetized,
after having been heated to redness and cooled
suddenly. The watch spring can now be easily broken,
and each piece is found to have its north and south end
after every occasion of breaking the spring. The north
and south ends may be tested by bringing them near to the

end of a light and delicately suspended magnet, which
readily moves if attracted or repelled. Since the north
and south poles of a magnet act in opposite ways and are

always of equal strength, it is evident that the further apart
the poles of a magnet are the more likelihood there is of

obtaining definite and simple eft'eots, such as can readily be
understood. The use of the common horse-shoe magnet is

apt to confuse the tyro, although convenient when the
object is to attract powerfully a piece of unmagnetized iron,

which is attracted both by the north and by the south pole.

Hence the convenience of the horse-shoe form, c.g.^ for

settingtheindexof a registering thermometer. A "keeper"
of soft iron which prevents leakage of magnetism is also more
conveniently employed with the horse-shoe form, but for

those who wish to study the elementary phenomena of
magnetism the bar magnet is much better. In a sewing
needle, for instance, the mass of metal being small, the
magnetic charge is necessarily small also, and the poles
are fairly well out of each other's way.
Some of the simpler magnetic phenomena may be very

conveniently observed with the aid of a sewing needle,
which is laid gently on the surface of stiU water after

ha%'ing been magnetized by being drawn across the pole of
a magnet. The first thing noticeable is that the needle
generally twists about its middle point, alter the hand has
left it free, and then rests in its new position. If a second
magnetized needle be placed in another basin, it will be
seen that both needles point in the same direction. They

both lie in a northerly direction, known as the magnetic
meridian. The effects above described, due to the earth's

magnetic force, are difierent from those produced by
bringing the pole of a bar magnet near the floating needle.

In that case the needle not only turns to the magnet but

follows it, whereas the earth's magnetism gives the needle

a twist but no pull. If there were such a pull the needle

would readily show it, for the resistance of the water is

less to a motion lengthwise than to the turning of the

needle about its middle point. It has been said that the

earth acts somewhat as if there were a great bar magnet
about half the length of the earth's axis buried inside it, and
making a small angle with the axis of the earth's rotation.

Although such an analogy is a very rough one and will

not stand being pushed very far, nevertheless, it represents

the facts sufficiently well to be employed as a means
of explaining the general character of these elementary
phenomena. It is evident that the pole of such a magnet,
which is by hypothesis situated at a great distance, could

only exercise a twisting, not a pulling, force on a magnetized
needle. The two poles of the needle being practicalli/ at

the same distance from the pole of the great magnet, the

attraction and repulsion on the north and the south poles

of the magnet respectively will be equal in amount. A
push at one end of the needle and an equally strong pull

at the other cannot drag the needle along, but, if the

needle be set across the line of force, the push and the

pull will act together so as to twist the needle into the

direction of the line of force, the magnetic meridian.

In the same way the magnetized needles attached to the

under side of the card of a ship's compass keep the card

always in the same position, so that as the ship's head
turns, the binnacle or compass box revolves round the

stationary card, and the "lubber" line marks the pomt of the

compass towards which the ship's head is turned. The
card to which the compass needles are attached has in its

centre a brass socket,""with a piece of agate at the bottom,

which is supported by an upright pin. A slight amouut of

friction is all that opposes the tendency of the needle to

keep in the magnetic meridian during the tiu'nings of the

ship's course. This arrangement does not show, however,

whether the earth's directmg magnetic force is horizimtal

or not. The needle and card are free to turn horizontally,

but a downward or upward twist, unless very powerful,

would expend itself without visible effect against the rigid

parts of the apparatus. In the same way, with the sewing

needle floating on water, the repulsion between the

gfi-asij surface of the needle and the water surface is

sufficient to resist the downward pull of gravity, and
would prevent us from observing a vertical twist

unless it were a powerful one. To show the true line

of action of the earth's directing force upon a magnet,

we must use " a needle " mounted on a horizontal

axis and free, except for the earth's mignetic action, to

turn in a vertical plane. The form of needle used for

showing the magnetic dip is the long lozenge shape. If

the dip needle be placed so that a line joining the supports

be in the magnetic meridian, the needle hangs vertically,

and, if the apparatus be gradually turned round, the lower

end of the needle tends to rise until when the needle is in

the magnetic meridian the dip, or angle which it makes
with the horizon, is in these latitudes about 67^. Thus in

England the line of the earth's magnetic force slopes steeply

downwards in a northerly direction. The point or points

towards which magnetic needles turn are not the " magnetic

poles " of the geographer; those are positions on the earth's

sui-face where the dipping needle points vertieaUy down-

wards. The direction m which such a needle points would

meet the direction in which, say, a Greenwich needle
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points at some two thousand miles down in the bowels

of the earth. This shows that the centres of the earth's

magnetic action are deep-seated. The term magnetic poles

for places on the earth's surface is perhaps somewhat mis-

leading. These positions are not poles in the sense in which
the term pole is used in connection with a bar magnet or a

magnetic needle. In these cases we mean positions near

the ends, where there is greatest concentration of magnetic
strength, centres of force in the magnet. The dip of 67°

in these latitudes shows, as has been said, that the centres

of magnetic force in the earth are deep-seated. If there

be "poles" comparable to those of the poles of a bar

magnet, they must be even further from the surface of the

earth than the point at which the direction of the

Greenwich dipping needle meets the direction of the needle

where the dip is 90°.

The strength of the earth's magnetic force has been
measured in the same way as other forces, in terms of the

weight exercised by a given mass under the action of

gravity. The determination of the earth's magnetic force

requires two principal sets of observations. In the first

the earth's action upon a magnetic needle is (ippnsed to the

strength of a bar magnet. We iind in this way how many
times stronger is the action of the magnet on the needle

than is the earth's action. If we call H the force exerted

by the earth (so much of it, at least, as comes into play in a

horizontal direction) and M the strength of the magnet, then

M
our experiment determines the numerical value of tt- In

the second series of observations, we allow the earth's

magnetism to act with and reinforce the strength of the

magnet, and we determine the value of the two forces

acting together and reinforcing one another. Our
numerical result is now in the form of a proiluct, viz., the

strength of magnet multiplied by the horizontal component
of the earth's magnetic force, or M x H. The method
employed is to suspend the same bar magnet as that used

in the last experiment by a fine wire or thread. The
magnet is placed in a stirrup, and the axis is horizontal.

Matters are arranged so that when the fibre is without

torsion the magnet lies in the magnetic meridian. The
magnet is then twisted round its point of suspension,

twisting the wire at the same time. Letting go the magnet,
we observe the rate of oscillation as the fibre twists and
untwists. The rate of oscillation is quicker than that of

an luimagnetized bar under the same conditions, for the

magnetic force acting between the earth and the poles of

the magnet assists the elasticity of the wire to overcome
the inertia of the iron bar. This acceleration of the

oscillation gives the value of M x H. In the former

experiment we determined yt. The value of H can now be

calculated, since if we divide the value M H (obtained

when earth and magnet force act together) by „ (obtained

when the earth acts against the magnet) the quotient is

the square of H. As we know the angle which the line of

action of the earth's force makes with the horizon (from
the (lip observation), we can readily calculate the total

magnetic force of which H is the horizontal component.
In some observations made in the north of England the dip

was 67^°. Hence the total force would be about twice the

horizontal component. In experiments in the same locality

of which we have the data before us it was found that H was
•1.5 dynes ; therefore, the earth's magnetic force was about
•3 dynes. The dyne is the unit of force of the centimetre-

gi-amme-second system of units, and it is equal to about -016

of the weight of a grain in the latitude of London ;
-3 dynes

is, therefore, equal to about one two-hundredth of a grain,

and -IS dynes, the value of H, to about one four-hundredth

of a grain. This small force, of the origin of which we
are ignorant, keeps the needle true to the pole.

The rumour that new veins of very fine gold in abundant
working quantities have been discovered in British Guiana
will excite interest beyond City circles. The fact is that

the mineral resources of that land are unknown, and
although much of its natural history has been explained,

and obscure points partially cleared up, particularly of late

years, the field for original research, especially in the study

of the habits of animals, is almost unlimited.

THE FACE OF THE SKY FOR APRIL.
By Herbert Sadler, P.R.A.S.

SUNSPOTS and facuhp show but small signs of

decreasing in number or size. Conveniently

observable minima of Algol occur at llh. 22m.
P.M. on the 8th, and 8h. 10m. p.m. on the 11th. A
maximum of the beautiful variable star E Leonis

takes place on the 11th.

Mercury is too near the Sun to be observed with any
advantage in April.

Venus is an evening star, and is well situated for

observation. On the 1st she sets at 9h. 17m. p.m., or 2|h.

after the Sun, with a northern declination of 15° 9', and
an apparent diameter of llf", toV*'^^ of the disc being

illuminated. On the 11th she sets at 9h. 50m. p.m., with

a northern decUnatiou of 19° 0', and an apparent diameter

of 12i", tVo'''i3 of the disc being illuminated. On the

21st she sets at lOh. 19m. p.m., or 3Jh. after the Sun,

with a northern declination of 22° 14', and an apparent

diameter of 12|", /(fgths of the disc being illuminated.

On the 30th she sets at lOh. 44m. p.m., with a northern

declination of 24° 13', and an apparent diameter of ?.3j",

y'J^ths of the disc being illuminated. During the month
she passes through a portion of Aries into Taurus.

Mars is, for the purposes of the observer, invisible.

Jupiter is an evening star, and is still well situated

for observation. On the 1st he sets at Ih. 29m. a.m., with

a northern declination of 23° 27', and an apparent equa-

torial diameter of 36-| ", the phase on the f limb amounting
to 0'33". On the 12th he sets at Oh. 58m. a.m., with a

northern declination of 23° 29', and an apparent equa-

torial diameter of 35^". On the 22nd he sets at Oh. 25m.
A.M., with a northern decUnation of 23° 29', and an
apparent equatorial diameter of 34f ". On the 30th he sets

at llh. 56m. p.m., with a northern declination of 23° 28',

and an apparent equatorial diameter of 34-0", the phase
amounting to -i-jths of a second. He describes a direct path

in Gemini, from the north-west of r; Geminorum to the

north-west of jw, Geminorum. The following phenomena of

the satelUtes occur while the planet is more than 8° above

and the Sun 8° below the horizon. On the 1st a transit

egress of the shadow of the second satellite at 8h. 11m.
p.m. On the 2nd a transit ingress of the shadow of the

fourth satellite at lOh. 29m. p.m. On the 3rd an eclipse

reappearance of the third satellite at 8h. 4m. 58a. p.m.

On the 6th an occultation disappearance of the first satellite

at Oh. 9m. a.m. ; a transit ingress of the first satellite at

9h. 21m. P.M., of its shadow at lOh. 36m. p.m. ; an

occultation disappearance of the second satelhte at lOh. 47m.
P.M. ; a transit egress of the first satellite at llh. 38m. p.m.

On the 7th an eclipse reappearance of the first satellite at

lOh. Bm. 50s. p.m. On the 8th a transit ingress of the

shadow of the second satellite at 8h. 6m. p.m., a transit
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egress of the satellite itself at 8h. 20m. p.m., and of its

shadow at lOh. 49m. p.m. On the 10th an occultation

disappearance of the fourth satellite at 7h. 55m. p.m.
;

an eclipse disappearance of the third satellite at

9h. 6m. 51s. p.m. ; an occultation reappearance of the

fourth satellite at Oh. 48m. p.m. On the 13th a transit

ingress of the first satellite at llh. 19m. p. jr. On the 14th

an occultation disappearance of the first satellite at

8h. 37m. P.M. On the 15th a transit egress of the second

satellite at 8h. Gm. p.m. ; a transit ingress of the second

satellite at 8h. 25m. p.m. ; a transit egress of the shadow
of the first satellite at 9h. 18m. p.m. ; a transit ingress of

the shadow of the second satellite at lOh. 44m. p.m. ; a

transit egress of the second satellite at llh. 5m. p. jr. On
the 17th an occultation disappearance of the third satellite

at 8h. 20m. p.m., and its occultation reappearance at

llh. 21m. P.M. On the 21st an occultation disappearance

of the first satellite at lOh. 36m. p.m. On the 22nd a

transit ingress of the shadow of the first satellite at

8h. 55m. P.M. ; a transit egress of the satellite itself at

lOh. 4m. P.M. ; a transit ingress of the second satellite at

llh. 9m. P.M. ; a transit egress of the shadow of the

first satellite at llh. 13m. p.m. On the 23rd an eclipse

reappearance of the first satellite at 8h. 28m. 533. p.m.

On the 24th an eclipse reappearance of the second sateUite

at lOh. 22m. 34s. p.m. On the 28th a transit egress of the

shadow of the third satellite at lOh. 18m. p.m. On the

29th a transit ingress of the first satellite at 9h. 46m. p.m.,

and of its shadow at lOh. 50m. p.m. On the 30th an
eclipse reappearance of the first satellite at lOh. 21m. 25s.

P.M.

Saturn is an evening star and is getting into a favourable

position for observation, though he does not rise to any
very great altitude above the horizon. On the 1st he rises

at 8h. 28m. p.m., or about two hours after sunset, with a

southern declination of 10" 51', and an apparent equatorial

diameter of 18|" (the major axis of the ring-system being
43^" in diameter, and the minor 13J"). On the 11th he
rises at 7h. 45m. p.m., or one hour after the Sun, with a

southern declination of 10" 36', and an apparent equatorial

diameter of 19" (the major axis of the ring-system being
43j" in diameter, and the minor 13"). On the 20th he
rises at 7h. 5m. p.m., or about sunset, with a southern
declination of 10" 23', and an apparent equatorial diameter
of 19" (the major axis of the ring-system being 43i-" in

diameter, and the minor 13"). On the 30th he rises at

6h. 23m. P.M., with a southern declination of 10° 7', and
an apparent equatorial drameter of 19" (the major axis of
the ring-system being 43 1" in diameter, and the minor
12|"). Titan is at his greatest eastern elongation at 6h.
P.M. on the 15th ; and lapetus at western elongation about
llh. A.M. on the 3rd, and in superior conjunction at 3h.
p. Jr. on the 23rd. During April, Saturn pursues a short
retrograde path in Virgo, without approaching any con-
spicuous star.

Uranus is an evening star, and but for his great southern
declination would be well situated for observation. He rises

on the 1st at 9h. 54m. p.m., with a southern declination
of 17|°, and an apparent diameter of 3-8 '. On the 30th
he rises at 7h. 53m. p.m., with a southern declination of
16° 56'. During April he describes a short retrograde
path in Libra.

Neptune is still an evening star, but must be looked for

as soon after sunset as possible. He sets on the 1st at
lOh. 10m. A.M., with a northern declination of 20° 59',

and an apparent diameter of 2-6". On the 30th he sets

at lOh. 20m. p.m., with a northern declination of 21° 6'.

During the month he describes a short direct path to the
south-west of t Tauri. A map of the small stars near his

path will be found in the English Mechanic for September
7th, 1894.

Shooting stars are fairly plentiful in April, the best-

marked shower being that of the Lyrids, with a radiant

point in E.A. 18h. + 38°. The radiant point rises on the

evenings of the 19th and 20th, when the maximum occurs,

at about 6h. 27m. p.m., and souths at 4h. 8m. a.m.

The Moon enters her first quarter at Oh. 28m. p.m. on the

2nd ; is full at Ih. 43m. p.m. on the 0th ; enters her last

quarter at llh. 22m. p.m. on the 16th; and is new at

Ih. 11m. A.M. on the 25th. She is in perigee at 5h. a.m.

on the 7th (distance from the earth 226,220 miles), and
in apogee at Ih. a.m. on the 10th (distance from the earth

251,370 miles).

Erratum.—In " Face of the Sky " for February and
Jlarch the equatorial semi-diameters of Saturn were
inadvertently given for the equatorial diameters.

Ci^fss Column.
By 0. D. LooooE, B.A.Oxon.

Communications for this oolumn should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each mouth.

Solutions of March Problems.

No. 1 (E. Orsini).

Key-move — 1. K to Kt4.

1. . . . KxE, 2. Q to K5ch.
1. . . . QxQ, 2. RxPch.
1. . . . KtxE, 2. Kt toQ7ch.
1. . . . PxKt, 2. Kt to Q3ch.

Correct Solutions received from N. Alliston, F. V.
Louis, E. W. Brook, A. Louis, W. Willby, .J. T. Blakemore,
Alpha.

No. 2 (A. C. Challenger).

1. Kt to Q4, and mates next move.

Correct Solutions received from N. Alliston, G. G.
Beazley, F. V. Louis, E. W. Brook, A. Louis, W. Willby,

.J. T. Blakemore, Alpha.

F. Ct. Ackcrlni.—li 1. KtxE, Black replies 1. . . . B
to K4, or P to B4.

ir, Briijstocke.—See objection above. In the three-

mover, after 1. KtxB, QxQ; 2. KtxQ, Black replies

2. P x Kt.

PROBLEM.
By J. T. Blakemore.

Black (G).

WsM

Bf .i.

Mmm
White (li).

White mates in two moves.
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CHESS INTELLIGENCE.

The match between Mieses and Teichmann, played last

month at the British and Metropolitan Chess Clubs,

resulted in a win for Teichmann by 4 games to 1, with 1

draw.

Herr von Bardeleben will commence a match with

Mr. Blackburne at the British Chess Club, on April 22nd.

A return match between Albin and Showalter, two of the

leading American players, is also expected.

The Surrey v. Kent match resulted in a score of 7^V

each, one unfinished game awaiting adjudication. Should
this be decided in favour of the Surrey player, his county

will have to replay their match with Sussex.

The match by telegraph between the British Chess Club

and the Manhattan Club, New York, took place on
Satm-day, March 9th, at the Victoria Hall, Criterion.

Play began at 4 p.m. and continued, with half an hour's

interval, till 11.80. Mr. Lasker was umpire. As the

only two games finished were drawn, the London club

proposed to draw the whole match ; and this was eventu-

ally agreed to. The teams were

—

British. Manhattan. Moves.
1. Rev. -J. Owen. S. Lipschiitz. 24.

2. L. Hofl:er J. W. Showalter 21.

3. C. D. Locock A. B. Hodges 28.

4. D. Y. Mills A D. G. Baird a 26.

5. F. W. Lord i Major Hanham i 19.

6. A. Guest " I. Kyan 21.

7. J. Mortimer Dr. Isaacson 80.

8. H. W. Trenchard .J. W. Bau-d 26.

9. J. T. Heppell Dr. Simonson 26.

10. A. Hunter E. Devisser 26.

The American players had the move at the odd-numbered
boards. Of the unfinished games, the London club had
probably slight advantages at boards 1, 8, and 9. On
the other hand, they had decidedly the worst of it at board

No. 10. Still they had rather the best of the play all

round, and it would have been extremely unfortunate if the

umpire, after adjudicating a lost game to London on the

last board, had not seen his way to proving a won game on

any of the other boards.

The telegraphic code used was an abbreviated form of

the German notation. Its novelty led to some errors in

cabling, notably at board No. 5. In spite of statements

to the contrary, it is clear that the telegraph did not work

so quickly as was expected. Assuming that all the players

kept within their time-limit of twenty moves an hour, it

can easily be shown that the average time occupied between

the making of a move and its receipt on the opposing

board was no less than four and a half minutes : certainly

not the "few seconds" given in some accounts. Things

would, no doubt, work better on a future occasion. As it

was, the event was an interesting novelty, being the first

team match ever played by cable ; nor is it likely to be

the last.

Col. Kyan requests us to state that the time for sending

in problems for his tournament, mentioned in this column

a short time ago, has been extended to April 1st for

English competitors. May 1st for the rest of Europe, and

June 1st for other parts of the world. Problems must be

three-move direct mates, in the shape of some letter of the

alphabet. Messrs. Laws and Eayner will be the judges.

All entries should be sent to the " Chess Editor," Leeds

yicrcurtj Supplement, Leeds.

We regret to announce the death of Mr. W. N. Potter,

formerly Chess Editor of Land and Water, and one of the

finest players in England. Also of Mr. G. C. Heywood,
of Newcastle, who played at board No. 7 in the North v.

South match last year. Lord Randolph Churchill was
one of the founders of the Oxford University Chess Club,
and a member of the St. George's Chess Club till the day
of his death.

The An of Chess. By James Mason (Horace Cox).

—

This is a continuation of the same author's Principles of
Chess, which was so successful last year. The first hundred
pages consist of end-games, rather more advanced than
those given in the earlier work. The second part consists

of about one hundred and fifty diagrammed positions from
actual play, illustrating successful combination. Together
with the fifty which were given in the Principles, they
should form a storehouse of imaginative brillancy from
which any attentive reader ought to be able to assimilate

much that is useful in the difficult art of winning won
games. We notice that while the fifty examples of

"combination" in the Priniiplcs -were culled exclusively

from recent master-play, in the more recent work such old

masters as Morphy and Anderssen are fully represented.

Evidently modern match-play is not capable of unlimited
brilliancy. The third and concluding portion of the treatise

consists of a short study of the openings. Here the author

has availed himself of the principle of selection, not only

in the variations of particular openings, but to some extent

also in the openings themselves. The Bishop's opening,

for instance, finds no place, nor the Three and Four Knights'

Game, except as an oft'-shoot of the Ruy Lopez. Still,

within its own limits, this portion of the work is both
concise and useful. It remains only to add that the work,

which contains a portrait of the author, is handsomely
bound, and is published at 5s. (net). It is a book to be

recommended, more especially as an appendix to the former
and less expensive work.
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SOME STRANGE NURSING HABITS.

By E. Lydekkee, B.A.Cantab., F.R.S.

WHILE the instinct of taking care of their

progeny, -whether these are born m the living

state or first come into the world in the form

of eggs, is more or less deeply implanted in

the higher vertebrates, among the lower

members of that great group the eggs and young are very

frequently left to shift for themselves. Still this state of

thmgs is by no means universally the case ; and we shall

show in the course of the present article that certain

amphibians and fishes exhibit structural modifications, for

the purpose of protecting their eggs and young, which are

almost or quite unparalleled elsewhere. Celebrated as

they mostly are on account of their highly developed

parental instincts, birds exhibit no instances where the

body of either parent is specially modified for the purpose

of carrying about either the young or the eggs after their

extrusion. And we believe that the same holds good with

regard to reptJes, although into the disputed question

whether vipers afford protection tj their young by allowing

them to run down their throats we are not going to enter

here, beyond confessing that we are inclined to trust

the numerous observers who state that they have seen the

phenomenon with their own eyes. With a certain group

of mammals—the marsupials—the case is, however, very

different, many of them, like the Icangaroos, carrying their

imperfectly developed young in a special pouch borne on
the body of the female until sufficiently advanced to take

care of themselves. lu the females of certain other

members of the same order, namely, some of the American
opossums, the young are carried on the parental back, with

their own tails tightly twisted round that of their mother

;

while bats carry their helpless offspring tigbtly clinging to

their breasts, and the females of many lemurs bear them
clinging transversely across the under surface of the lower

part of their bodies. Now we shall ficd that among
amphibians there are several instances where the eggs or

young are carried about, either attached to the skin or

borne in special receptacles ; and as he knows that the

relationship between mammals and ampLibians is much
closer than any which exists between the former and either

birds or reptiles, the thoughtful naturalist cannot help

being struck with this similarity as regards their nursing

arrangements. Although not for one moment do we
suggest that there has been any sort of inheritance in this

matter, yet the coincidence is none the less striking.

Commencing with that group of amphibians represented

by the frogs and toads, we find among these numerous
instances of abnormal ways of protecting their young
during the early stages of development, one of which has

been known for nearly a couple of centuries, while many
of the others have but recently been described. So far

back as the year 1705, Fiiiulein Sibylla von Merian, in a

work on the reptiles of Surinam, described a remarkable

toad-like creature, in which the young are carried in a

series of cells in the thick skin of the back of the female,

which at this period has a honeycomb-like appearance.

Till last year, when living examples were received by the

London Zoological Society, the Surinam toad (Pipa

americana), as the animal in question is called, was, we
believe, only known in Europe by means of specimens pre-

served in spirit ; and we have, therefore, been obliged to

depend upon foreign observers for an account of its

marvellous life-history. As it differs from other members
of its order with regard to its method of bringing up its

family, so the Surinam toad is structurally more or less

unlike all its kindred, constituting not only a genus but

likewise a family group by itself. Externally it is charac-

terized by its short and triangular head, which is furnished

with a large flap of skin at each corner of the mouth, and

has very minute eyes. The tour front toes are quite free,

and terminate in expanded star-like tips ; but a large web
unites the whole five toes of the hind foot. In any state

the creature is by no means a beauty, but when the female

is carrying her nursery about with her she is absolutely

repulsive in appearance. It would seem that soon after

the eggs are laid, they are taken up by the male and

pressed, one by one, into the cells in the thickened skin of

his partner's back ; there they grow till they fit closely to

the hexagonal form of their prisons, each of which is closed

above by a kind of trapdoor. After a period of some eighty-

two days, the eggs reach their lull development and

produce, not tadpoles, but actually perfect little toads.

The reason of this is that tadpoles, which require to

breathe the air dissolved in water by means of their

external gills, could not exist in the cells, and, couse-

quenily, this stage of the development is passed through

very rapidly within the egg. When ready to come lortti,

the young toads, which are usually from sixty to seventy

in number, although there may sometimes be over a
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hundred, burst open the lids of their cells, and, after

stretching forth their head or a limb, make their dehut in

the world. Doubtless, glad to be free from her charge,

the mother-toad thereu^jon rubs off what remains of the

cells against any convenient stone or plant-stem, and

THE PIPA.

comes out in all the glory of a brand-new skin. During
the non-breeding season these toads become much flattened,

and seem to pass the whole of their time in water.

The Surinam toad is, however, by no means the only

South American representative of its order whose nursery

arrangements are peculiar, a considerable number of frogs

and toads from the warmer regions of the New World
having ideas of their own as to the proper method of

bringing up a young family. Among these are certain

species nearly allied to the familiar tree-frogs of Europe,
but differing in that the females have a large pouch for the

reception of the eggs. Unlike the kangaroos and other

mammalian marsupials, in which the female has her
nursing pouch on the under side of the body, these mar-
supial frogs [Nototrema) have this receptacle placed on the

back, at the hinder end of which it forms a half-open tunnel,

with its aperture directed backwards, although the pouch
extends beneath the skin of the whole of the upper surface

of the body. In this capacious nursery are deposited some
fifteen or sixteen large eggs, which in due course develop
into complete little frogs, without hving tadpoles being
produced, although at a certain stage the large eyes and
long tail of a veritable tadpole are visible through the
clear covering of the egg.

According to a communication recently made by Dr.
Goeldi, of Rio de Janeiro, to the Zoological Society, the
tree-frogs of the genus Hi/la, inhabiting that part of Brazil,

show considerable diversity in regard to nursing habits,

although none of them have any part of their own body
modified into a nursery. One species, for instance, builds

nests of mud on the shallow borders of pools, wherein the

eggs and tadpoles are protected from enemies, while
another kind lays its eggs in a slimy mass attached to

withered banana-leaves, the young remaining in this nest
until they have passed through the tadpole-stage. In a
third species, on the other hand, the larval stages are

hurried through before hatching, the female carrying a

load of eggs on her back, where they remain until

developed into perfect frogs. Not long since, a female of

this species thus loaded was exhibited alive at a meeting
of the Zoological Society.

It will be observed that in all the foregoing instances

the female parent takes charge of the eggs, either on or

in her own body, or in a specially prepared nest, as soon

as they are laid ; but there are two genera of South
American frogs in which it appears that, while the eggs

are left to themselves, the tadpoles are carried about by
their mother. The members of the one genus {Dendrn-

hates) are tree-frogs from Surinam and Brazil, while the

other species is from Venezuela, and belongs to the

genus PJii/lloliiites. Here the tadpoles, which may be from

a dozen to eighteen in number, affix themselves to the

body of their mother by their sucking mouths, and are thus

carried about. In the case of one species of the genus

first named, it appears that this mode of locomotion

is only resorted to when the water is drying up and the

mother desires to convey her offspring to other pools

;

but in the other forms the attachment seems to be more
enduring.

The female of Darwin's frog (Rhinoderma darwhii), from
Chili, has, however, " gone one better " than all her allies,

for not only does she get her eggs and young safely

carried about until they are fit to take care of themselves,

but she has actually shifted the onerous task of taking care

of them to her consort. Whereas there is nothing remark-

able about the structure of the female of this frog, the male

has a capacious pouch underlying the whole of the lower

surface of the body, which communicates with the exterior

by means of a pair of apertures opening into the mouth
on each side of the tongue. As soon as his partner has

deposited her eggs, the male frog takes them in his front

paws and transfers them to his mouth, whence they pass

into the great nursing pouch, where they remain in perfect

security till hatched into young frogs, which make their

way into the world by the same passages.

PeciUiar as is this method of taking care of the eggs,

it is by no means altogether without a parallel in the

animal kingdom, although we have to go to the class of

fishes to find anything approaching a similar example.

Among the so-called cat-fishes {Siluridm), the males of

several species of the large tropical genus Arius take

the eggs into their mouth, whence they are transferred

to the capacious pharynx, where they remain until

hatched. It is also said that among the freshwater

fishes of the chromid family, the males of the typical genus

inhabiting the Sea of Galilee take charge of the eggs

in a similar manner. Indeed, among the comparatively

few fishes that take any care at all of their ova, the

charge almost invariably falls to the share of the long-

suffering male, whose partner, having laid the eggs,

appears to think that she has done quite enough In

family matters, and is at full liberty to enjoy herself as

she pleases.

Of the two definitely known instances in which female

fish take care of their eggs, one occurs among the aforesaid

family of the cat-fishes, in the genus Aspredo, represented

by some half-dozen species from the Guianas. In these

fish, none of which exceed a foot and a half in length, the

large eggs are carried on the under-surface of the body of

the female, where they form a shield-like mass extending

from a short distance behind the mouth on to the pelvic

fins. In some respects the position of the ova recalls a

female freshwater crayfish in the breeding-season ; but

a closer resemblance exists between the fish in question

and the Surinam toad already described, although in one

case the female bears her load upon her back, and in the

other under her abdomen. In both instances the eggs are,

however, pressed into the soft spongy skin, the female

cat-fish effecting this operation by lying closely upon the

newly deposited spawn. Instead of being completely
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buried in closed cells, the eggs of the fish remain partly

exposed, and are thus carried about till they are hatched
;

the rugosities then disappear from the skin of the abdomen
of the parent, which resumes its normal smoothness.

Abdomen of Aspredo hatrachus, witli the ova attaelied; at a, the ova

are removed, to show the spongy structure of the skin, and the

processes filling the interspaces between the ova. Natural size.

From Giinther's " Study of Fishes."

Everybody who has been in the habit of partalsing of

whitebait will probably have occasionally observed among
the contents of his plate a long, slender, bony fish, with

a pipe-like nose, which has evidently no claim to kindred

with its neighbours. This fish is a young representative of

the pipe-fishes, which, together with the so-called sea-

horses, so well known for their habit of curling their tails

round the stems of seaweed, constitute a family especially

remarkable for the variety and curious nature of their

nursery arrangements. Among these an Oriental genus of

small pipe-fishes {Sulenostdinu) agrees with the fish last

mentioned in that the female takes charge of the eggs.

For this purpose she is provided on the lower surface of

her body with a roomy pouch, formed by the coalescence

of the pelvic fins with the skin of the abdomen. The
inner walls of this pouch are furnished with long filaments,

which aid in keeping the egg in position ; and it is highly

probable that after the young fish are hatched they are

retained for some time by attachment to the walls of the

chamber. In the true pipe-fishes {Si/mjnnthm), on the
other hand, the task of looking after the nursery falls to

the males, which are provided with a long pouch on the
under surface of the tail, formed by a fold of skhi arising
on each side, and the two meeting in the middle line.

How the eggs are convej-ed into this pouch we are totally

unaware, but when once there, they are completely
enclosed by the junction of the edges of the two folds of

skin, and thus remain till they are hatched into minute
eel-like pipe-fish, which soon make their way into the
world by thrusting open the folds of the pouch. In the
sea-horses, the development is carried one stage further,

the nursing pouch being completely closed along the
middle line, and only communicating with the exterior

by means of a small aperture at the anterior end,

through which the eggs are by some means or other
introduced, and by which in due course the young make
their escape. Certain pipe-fishes {I >or[/ichtJii/s) diSev irom.

the ordinary forms in that the males have the pouch
situated beneath the abdomen instead of under the tail

;

and it is not a little remarkable that in certain allied

genera {Xfmphix, etc.j the eggs are simply attached to the
lower surface of the abdomen of the male without the

development of a pouch. We have thus an excellent

instance of the evolution of a special organ, so far as

the abdominal pouch is concerned ; but it would seem
highly probable that the caudal pouch of the allied forms
must have been independently evolved, in which event
we should have a remarkable example of parallelism in

development.
Although many fishes retain their eggs within their

bodies until the young are hatched and attain a consider-

able size, we are not aware that any others have special

arrangements for carrying about their eggs after extrusion,

with the exception of the aberrant lung-fish {Protopterus)

of tropical Africa. In this genus
the numerous eggs and embryos
are reported to be nursed in a

long gelatinous pouch attached to

the sides of the back of one of

the parents, although which of

the two is charged with this

office does not appear to be ascer-

tained. Several kinds of fish are,

however, in the habit of con-

structing nests for the reception

of their eggs, while a few take

advantage of other animals for

their protection. For instance, the

females of the small roach-

like fishes, of which the Con-
tinental bitterling (Uhoileus

iiinarus) is the only European
example, have the oviduct

periodically prolonged into a

tube of considerable length, by

means of which the eggs are

introduced within the shells of

living freshwater bivalve molluscs,

where they remain secure from Sub-caudal poucli of •S'^h^'-

foes until hatched. Among the ««««»»"», with the young
, , .,j. • ,, " 4. ready to leave the pouch,

nest-buildmg species the most
one'side of the membrane

familiar are the bullheads
(
Cottus), ^f the pouch is pushed aside

sticklebacks (Gastrostcus), and to admit of a view of its

lump-suckers (Cyclopterus), in interior. Natural sire. From

all of which, as in the other Oimther's" Study of Fishes."

instances, the nest is formed and guarded by the male

fish. In the sea-stickleback the nest is a large structure

composed of pendant seaweeds, tightly bound together into
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a peir-sliaped mass by means of a silk-like thread. When
the estsfs are safely deposited within its interior, the mile
fish immediately mounts g;nard, and has been known to

continue uninterruptedly at his post for upwards of three

weeks. Should any dainao;e happen to the nest, so thit

the precious eg.'s lie open to the attack of any predaceous
wanderer, the janitor forthwith sets to work with the

greatest fnt-ryy to repair the damage, poking Iris no^e in'o

tiie strue'ure, and reai ranging tlie materials till all is made
right. Ni-sts are also made liy the freshwater species, and
fuirdfd With the <ame care ",

the male frequenly stirring

up the egg-; witli his sn nit. and often Ke^piu^; up a ftu-like

m ivemeQt of his fins for tin appirent purpose of ensuring

a continual change of the water. Mmy other tislies

construct more or less elaborately formed nests, but even
wlien no ne-:t is built, the mules are ia the habit of

moulting guard over the eg'is ; this being the cise with the

bow-fla (Aiiiia calca , so abundant in the lakes of North
America.

Such are some of the chief instances among amphibians
and fishes where special arrangements—either of structure

or of habit—are made for the protection of the eggs and
young ; and although these bear but a small proportion to

the cases where the latter are left to themselves, yet they
are sufBcient to show that in these respects these two
animals present peculiarities unknown among other verte-

brates. Why such special arrangements have been evolved
in these cases, or whethpr the groups in which they occur
have any advantage in the struggle for existence over their

fellows, a'-e questions which, for the present at least, must
remain unanswered.

THE PLACE OF IRON IN NATURE.
By John T. Kemp, M.A.Cantab.

FEW elements are more abundant in nature than
iron, whilst none is more widely distributed. Its

compounds pervade every portion of the earth's

crust. Among massive and stratified rocks alike,

ferruginous deposits exist on an enormous scale,

frequently assuming mountainous dimensions or covering
mauy hundred square miles. Tlie variety of their composi-
tion is hardly less remarkable. Thus the useful ores
include ferric oxide (FejOo), known in the crystallized

condition as specular iron ore, and in the amorphous state

as hiematite ; the magnetic oxide (Fe^Oj), or magnetite;
ferric hydrate (FeoO™ f water), which occurs sparingly in

the crystalline form as the mineral gothite (Fe20.;,H30),

but abounds in the amorphous condition of hmonite
(2Fe203,3H;O, but probably a mixture of several
hydrates) ; titaniferous iron, a mixture of ferric oxide with
a variable proportion of titanic oxide (TiO.,) ; ferrous

carbonate (FeCOj), or spathic iron ore, with impure
varities known as clay ironstone. To these must be
added iron disulphide (FeS^h of which two crystalline

modifications occur, viz., iron pyrites, commonly met with
in the form ot brass-yellow cubes, and marcasite, much
lighter in colour with a radiated structure. Among less

abundant but noteworthy compounds may be mentioned
magnetic pyrites (FcgS^); copper pyrites (Cu,S,FejS3),
one of the most abundant ores of that metal ; mispickel,
or arsenical pyrites (FeSAs), the principal source of
arsenic ; vivianite, a ferrous phosphate of variable composi-
tion, met with in b. ds in wmch animal matter has decayed,
often of a brilliant blue colour.

A f«w illustrations of the magnitude of sime ferruginous
deposits may htr^i be quoted. Pilot Knob, in Missouri, a

hill seven hundred feet high, consists almost entirely of a
single mass of hfematite. Near Gellivara, in the north of

Sweden, a mountain of magnetite exists, whose dimensions
are reported as sixteen thousand feet long, eight thousand
feet broad, and two thousand feet high. Beds of magnetite
are met with among the Archiean rocks of Canada up to

two hundred feet in thickness. In the same region are

immense deposits of bse natite, titaniferous ore, and iron

sulphides. Zirkel describes Erzberg.a mountain in Styrii,

rising two thousand feet above the neighbiuring valley, as

composed almost exclusively of spathic iron ore.

Besides those ferruginous deposits which from their

form or dimensions are entitled to rank as independent
rock masses, hosts of siniller aggregations are met with,

such as veins, encrusting layers, nodules, and scattered

crystals. Thus haematite often occurs in veins traversing

crystalline rocks, whilst layers of ferric hydrate are

deposited in their channels by waters containing iron, both
above and below the surface. Many of the septarian
misses so common in clayey strata consist essentially of

clay ironstone. Hiematite nodules, often containing fossil

remains, abound among some of the carboniferous beds.

Masses and single crystals of iron pyrites occur plentifully

in some strata, marcasite in others, but what conditions
determine the form assumed by the sulphide we do not
know. The various " greensands " owe their appellation

to the presence of grains of an iron silicate of very variable

composition, known as glauconite ; deposits of the same
mineral are now forming in certain parts of the sea-bed.

Magnetite may here be mentioned as an essential con-
stituent of basalt and other volcanic rocks, in which it

occurs in the form of opique octahedral crystals.

The most striking evidence of the universal presence of

iron in nature is, however, found in the colours imparted
by its compounds. Iron has ju-tly been called " the
great pigment of nature." Few deposits there are which
are not tinged with iron in one chemical form or another.
To it are due the brown, yellow, red, green, blue and
creamy tints which in endless variety characterize the
vast majority of rocks. Green and blue colorations are

produced generally by ferrous compounds, red by ferric

anhydride, and yellovv and brown lints by ferric hydrates.
The presence of other substances, such as carbonaceous
matter, largely affects the coloration in many instances.

Probably not more than eigut or possibly ten of the
elements occur in the earth's crust in larger proportion
than iron. The significance of this fact will be appreciated
when it is added that ninety-nine out of a hundred parts

by weight of the crust are estimated to be composed of

some sixteen elements at the most, leaving fifty or more
which constitute the remaining one-hundreth part. Never-
theless, in comparison with oxygen, silicon and aluminium,
of which about eighty-five per cent, of the accessible rocks
consist, a decidedly low place must be assigned to iron as
constituting probably less than one per cent, of the whole,
so rapidly does the relative abundance of the elements
fall off. About half of the earth's crust is composed of
oxygen.

Iron is, as would naturally be expected from the
universality of its occurrence elsewhere, one of the
elements, some thirty in all, which have been detected in

the oceanic waters. Messrs. Thorpe and Morton report

the presence of ferrous carbonate to the extent of one
part in two hundred thousand in the water of the Irish Sea
collected during winter. This proportion, if maintained
throughout the ocean, would indicate the existence of
more than four billion tons of metallic iron in solution.

In the organic world, again, iron appears to play an
indispensable part. It is an essential constituent of the
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blood, whilst the production of chlorophyll in plants has

been experimentally proved to be, in some way as yet

imperfpctly understood, dependent on the presence of iron

in their nutriment. According to Ehrenberg some species

of diatoms secrete ferric oxide in considerable quantities.

But the existence of iron is not confined to our own
planet. The spectroscope reveals its presence in the sun

and many of the stars. It is also the chief constituent of

meteorites.

Native iron is of very rare occurrence among the terres-

trial rocks. Veins are all but unknown. It has most
frequently been detected in the form of grains scattered

through certain eruptive rocks, such as the gabbros

belonging to the volcanic outbursts of Mull and Skye
during the Tertiary period, and in the basalt of the Giant's

Causeway. Nordenskiold has discovered in the island of

Disco, off the west coast of Greenland, a number of large

masses of iron, one weighing nearly twelve tons; but

whether they are of terrestrial origin is doubtful. Similar

masses occur in the basalt of the vicinity. The great

traveller himself regarded them as memorials of a meteoric

fall during the ouitlowing of the rock in Tertiary times ;

but Daubree has shown that the rock contains microscopic

part cles of iron, associated with certain other minerals

in such a way as to exclude the hypothesis of the con-

junction being accidental. He therefore concludes that

the iron came from below with the other constituents of

the mass.

This subject naturally raises the question, so often asked

in view of the high density (about 5'5) of the earth as a

whole compared with the average density (say 2o) of the

surface rocks, viz., whether the interior contains large

quantities of iron or other uncombined metals. Taking
as a guide Sir A. Geikie's list of the sixteen most abundant
elements— to wit. 0, Si, C, S, H. CI, P, F, Al. Ca, Mg, K,
Na, Fe, Mn, Ba—it is observable that their heaviest com-
binations with one another barely reach the minimum
specific gravity required to account for the earth's density.

Whether the enormous pressure, vastly greater than any
whose effects we can observe in our laboratories, to whicu
the earth's internal layers are subjected, would serve to

compress the materials to the requisite degree is ex'^eedmgly

doubtful, whilst it is certain that the high internal

temperature of the earth's interior must, to a large extent,

counteract the reduction of volume through pressure. It

seems most probable, therefore, that extensive deposits of

heavy materials of some kind exist in the interior of the

earth, and of such none is more likely to abound than iron,

considering its high rank as a constituent of the crust.

Meteoric iron is known in masses varying from many
tons in weight down to microscopic grains. The latter

have been detected in the snows of the Alps and the
Arctic regions, and caught on board ship in mid-ocean by
means of sheets of glass smeared with glycerine and
exposed to the wind. Grains of metallic iron abound m
the red clay of the Atlantic Ocean, a fact which may be

taken as a proof of its slow growth. M>-tejric iron is

invarialily alloyed with metallic nickel. Until recen ly

the natural occurrence of "nickel-iron" (as the alloy is

termed, uot'nithstaiidlng the predominance of the latter

elemei t) was unknown except as a constituent of meteorites.

Masses of an alloy of the two metals (with oih.-r miterials)

have, however, been lately discovered in the gravel of a
stream in Oregon, which differ in some remarkable respects

from all meteoiites hitherto known. Tnus they do not
exhibit the peculiar markings, termed " WiJmannstatt's
figures," when treated with nitric or hydrochloric acid.

Josephinite is the name which has been given to the new
mineral.

Ii'on is also found alloyed with platinum. A specimen
from Siberia analyzed by Berzelius was found to contain

86-50 per cent, of platinum, R-32 per cent, of iron,

together with small quantities of palladium, rhodium,

copper and " gangue." Another sample from South
America contained, of platinum 84 30 per cent., of iron

5-31 per cent., of rhodium 3-46 per cent., besides palladium,

iridium, osmium and copper, seven metals in all.

BREATH-FIGURES.
By Dit. .J. G. McPhersov, F.R.S.E., formerly

Mathematical Examiner in, tlie Unieersity of St. Andrews.

THERE is something exceedingly fascinatmg about

the curious set of phenomena known as breath-

tigures, and the explanation of their existence.

New light has lately been thrown upon their

nature ; and their study is interesting.

Fifty years ago. Prof. Karsten, of Berlin, placed a coin

on a piece of clean plain glass, and passed through it a

current of electricity. Nothing was seen on the glass when
the coin was removed, but when he breathed on the plate

the characters of the coin became visible. At the same
time Sir W. E. Grove succeeded in producing impressions

with simple paper forms. Mo-er, of Konigsberg, produced

figures on polished surfaces by placing on them rough

bodies. Riess described a breath-track made on glass by

a feeble electrical discharge.

But Mr. W. B. Croft has lately been investigating the

matter with exemplary care and perseverance; for it requires

some pract ce to manage the electrification properly. Tiiig

was his most successful plan : Place a glass plate on a

table for insulation, and pat a coin of any metal on the

centre of the plate. In many cases the ima^'e on the coin

does not touch the glass on a'^count of the pr jecting ring
;

but these seem to be best suited for the expeiiment.

Arrange a strip of tinfoil from the coin to the edge of the

glass ; on the coin place a smaller plate of glass, and above

that plate place a second coin. Connect the tinfoil and

the upper coin With the pjles of an elejtric mach.ue, and

turn th^ handle of the midline for two minuter, so thai

continuous spirks miy piss. O.i tiki^g up the glass,

nothing can be seen on it, even with the help of a magni-

fying glass. Yet on the glass there is a latent impression
;

for, by breathing on the side of the glass next the coin, a

clear frosted picture of that side of the coin which had

faced it will be produced, even to the smallest details. The
whole projecting parts of the coin have a black counterpart,

and there is a marvellously fine gradation of shade

corresponding with the depth of cutting on the coin. If

this breath-figure be exammed under a microscope, the

moisture will be seen really deposited over the whole ; but

the size of the minute water-particles increases as the part

of the piiiture is darker in slude. Arouad the coin's disc

is a black ring, a qmrter of an inch in b -eaJch. Shjuld

ilie coin used have milled eJges, radidl lines will pass

through this ring.

If ihese breaih-figares are carefully projected, th-re is

no apt)arent limit to tneir permiuerice, even far ye.irs.

Alon Us alter they ha^'e l)eeii s=;t a-i le, the bltck liug

roand the disc graduiUy cliau^'es mto sev.;ral rings,

forming beauiifal concentric al Kruatious of bUck and

while. If hall-a-.d izeu coins, lying lu c .niact side by side

in the form of a cross, be placed oa insulated glass, then

over the coins a test glass, with a corresponding cross of

cokis above it, beautiful breath-figures will be produced.

In the black spaces between the circles are clear white lines

which are common tangents to the circles, when the coin.s
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are of the same size. If coins and glass plates be piled up
alternately, and the outer coins be connected with the poles

of the electric machine, perfect images are formed on both

sides of each glass. If several glasses be placed between
two coins, only two images will be produced, one on each

of the outside glasses. In all cases the glasses must be

scrupulously well cleaned with chamois leather.

Heat will produce similar results by the molecular

bombardment to whjch the surface of the cold glass would
be exposed by the gases heated by the coin. If a very hot,

clean coin be placed on a cold mirror, and be removed
after being cooled down, nothing will be seen on the glass.

But if the mirror be breathed upon, an exact image of the

coin becomes visible. If the point of a blowpipe be passed

over a clean mirror, with sufficient quickness to prevent

the sudden heating from breaking it, nothing is seen after

the glass is cold. But if you breathe upon its surface, the

track of the flame is clearly marked. While most of the

surface looks white in consequence of the light reflected by

the deposited moisture, the track of the flame is quite

black. But under a microscope this track is discovered to

be wet with a thin, even film. If the jet of the blowpipe

be tracked over the mirror so as to form figures, the

breath on the cold plate will reveal the figures, traced with

great distinctness. The hot coin in some way seems to

alter the dust-particles on the mirror, causing them at

certain parts to reflect more light than at others, to be

brought out more plainly when the moist breath develops

them.
Probably all polished surfaces may be similarly affected.

A plate of quartz gives most beautiful images, perfect in

details, retaining their freshness longer than those on
glass. If a piece of mica be split, and a coin be slightly

pressed for half a minute on the new surface, without any
current of electricity or application of heat at all, a

breath-figure of the coin is left behind. If a leaf of

paper, printed on one side and thoroughly dry, be placed

between two plates of glass, and left for ten hours either in

the daylight or in the darkness (a slight weight being placed

over to keep the paper even), nothing is seen ; but as soon

as you breathe on the glass, a perfect breath-impression is

made of the print on both pieces of glass. These are

generally white, and are most easily produced during keen
frost. If paper devices be placed for a few hours under a

plate of glass, clear breath-figures of the devices will be
produced when you breathe on the glass. After an ivory

point has been traced in any shape over a glass plate with
slight pressure, a black breath-figure of the writing is made
at once. If plates of glass lie for some hours on a table-

cover which has on it figures worked in silk, strong white
breath-figures are impressed on the plates, the silk coming
out white and the cotton black.

Some exceedingly curious permanent illustrations of

the phenomena are to be found. There are several im-
pressions of brasses in the basement under Henry IV. 's

chantry in Canterbury Cathedral. On the walls appear
shapes of the effigies. Sometimes the stone is unstained
all over the area of the figure, but surrounded by a broad,
dark smudge ; and in other cases the reverse is found,

the area of the figures being indicated by a uniform dark-

tint, whilst the surrounding stone is unstained. Friends
of Mr. Croft, who can be trusted for their authentic

evidence, give two remarkably interesting cases of breath-

figures of this permanent description^ The plate-glass

window of a hotel in London has on the inside a screen

of ground-glass lying near, but not touching ; upon the
latter are the words " Colfee Eoom " in clear, unfrosted
letters. When the screen was taken away the words were
left plainly visible on the window, and no washing would

remove them. A house in London had been a hotel three

years before ; on one of the windows had been a brown
gauze blind, with the gilt letters "Coffee Eoom" on it.

On misty days the words " CoS'ee Eoom " are distinctly

seen, but not on other days. This is a marvellously

accurate instance of permanent breath-figures, the mist

acting like the breath, depositing the moisture on the

glass. There is no doubt that a little observation on the

part of our readers would reveal many curiosities of this

kind in old houses, or at railway stations.

No one, as yet, has clearly explained how these im-

pressions are produced by electricity and heat. The fact

always confronts us that the simpler the phenomena the

more difficult is the explanation.

ON THE TWO FORMS OF PRIMROSE,
By the Eev. Alex. S. Wilson, M.A., B.Sc.

IF
a number of common primroses be examined, they
will be found to consist of about equal proportions of

two kinds of flower, differing somewhat from each
other. In one set, the '• pin-eyed " as they are called,

the centre of the flower is occupied by a round knob
resembling the head of a good-sized pin; this is the stigma

or extremity of the seed-vessel, to which the pollen is

applied in fertUization. Externally, the anthers of the

pin-eyed primrose are not visible, since they stand midway
down the inside of the flower-tube. A flower of the other

or •' thrum-eyed" form has the relative positions of these

organs reversed ; at the mouth of the flower are the five

anthers, while the stigma, which is situated halfway down
the tube, cannot be seen without cutting open the corolla.

Vertical, sections of the flowers show that in the pin-eyed

form the slender cylindrical style which supports the

stigma is almost as long as the flower-tube ; the style in

the other form is much shorter, and only reaches halfway

up the tube. The former is, therefore, designated the long-

styled, the latter the short-styled, and the primrose is

described as heterostyled or dimorphic, ordinary blossoms

being homostyled or monomorphic. The point of special

importance to notice, however, is that the stamens of the

long-styled flower stand at a level which exactly corresponds

with tliat of the stigma in the short-styled form ; the

stamens of the latter, in like manner, are on a level with

the stigma of the long- styled flower.

These two forms of primrose had long been known, but

their significance was never understood until explained by
Darwin in his paper " On the two forms or dimorphic

condition in the species of Primula, and on their remark-

able sexual relations," published in 1802. Since that time

Scott, Hildebrand, MiiUer, and others have repeated and
extended Darwin's experiments on dimorphic flowers,

confirming his conclusion that the two forms are adapted

foi- mutual cross-fertilization.

Arrangements exist in many blossoms which secure the

transference of the pollen to the exact part of an insect's

body in one flower which is most likely to touch the stigma

of the next flower visited by the insect, and the floral

mechanism for this pm'pose often attains a remarkable

degree of precision. The dimorphic condition might
almost be described as a contrivance of the same kind.

The salver-shaped corolla of the primrose is evidently

fashioned in relation to the visits of insects ; its broad

limb, or upper horizontal portion, furnishes the attractive,

coloured surface which renders the flower visible from a

distance ; it also oft'ers a convenient landing-stage on
which the visitor can rest while dippmg its proboscis into

the flower-tube. Short-hpped and otherwise undesirable
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guests are prevented from reaching tbe nectar by the

depth of the corolla-tube ; its small diameter, too, makes it

impossible for any insect to rifle the flower without touching

the stigma and anthers. Contained in the base of the

corolla-tube, the nectar is reserved for bees and butterflies

having a slender proboscis long enough to reach to the

bottom of the flower. A visitor alighting on a long-styled

flower thrusts its proboscis down to the bottom of the

corolla-tube ; the middle part of the proboscis comes in

contact with the anthers placed in the middle of the tube,

and is coated with pollen. Should the insect next visit_ a

short-styled flower, the pollen-dusted part of the proboscis,

when inserted into the tube, is level with the stigma, and

some of the pollen is almost certain to adhere to its viscid

surface. At the same time, the basal part of the

proboscis is dusted against the anthers situated at the

top of the tube, and this pollen will be transferred

to the stigma of the next long-styled flower which

the insect happens to visit. By conveying pollen on

different parts of its proboscis, an insect will thus

constantly fertilize the long-styled flowers with pollen

from the short-styled ones, and i-ice rers,!. The crossing

of the two forms in the manner described, which is

the most natural result of insect visitation, Darwin
distinguished as "legitimate"; the fertilization of a flower

of either form with pollen from a flower of the same form,

he termed " illegitimate crossing." He found, on artificially

fertilizing the flowers, that the legitimate method was
much more productive than the illegitimate—the average

numbers of seeds being in the proportion of 100 to 54.

Seeds resulting from illegitimate unions were, moreover,

smaller than the others, and gave rise on germination to

inferior seedlings. Convincing proof was thus firnished

that the long and short-styled flowers of Primula are

adapted for reciprocal cross-fertilization. This result has

been confirmed by several investigators, but it is well to

remember that it is deduced from averages, and that these,

when analyzed, ofler certain anomalies for which it is not

easy to account in the present state of our knowledge.
The figures obtained by experiments on different plants

vary a good deal ; nevertheless, the broad fact is established

beyond question that the maximum fertility, as shown by
the number and size of the seeds, is only obtained when
dissimilar flowers are intercrossed in the waj' this would
naturally be accomplished by an insect visiting the

flowers.

The common primrose, cowslip, oxlip, auricula, poly-

anthus and many other primulas, including the common
table plants P. sinensis and F. oJiconicn, are all dimorphic.

Our illustration is taken from the last-mentioned species.

The water-violet [Hottonia palustris) is another of the

Primulacese with dimorphic flowers ; these were arti-

ficially fertilized by Herman Miiller, and his results agree

with those obtained in the case of Primula. Taking the

result of legitimate fertilization as 100, the efficiency of the

illegitimate mode would be represented by 65-5 ; of inter-

crossing flowers belonging to the same individual plant by
5'6

; and of self-fertilization, or the impregnation of flowers

with pollen from their own stamens, by 11-4 per cent.

Some of the gentian order also bear dimorphic flowers.

The beautiful white spires of blossom with which, in May,
the bog-bean {^lenijnntlws trifoliata) enlivens our marshes,
consist of long and short-styled flowers. Tbe curious fact

is recorded by Warming, that in Greenland this plant has
become homostyled. Another of the gentian family, the
centaury (Erythrrm centnurium) blooming towards the end
of summer, is, as I have observed, at least occasionally

dimorphic. The purple-flowered flax [Linum grandi/Iomm),

a common garden annual which must be known to most of

our readers, is heterostyled ; its flowers are remarkable as

being absolutely barren when fertilized in tbe illegitimate

manner. The lungwort {Puhnunaria ojticiiialis), one of the

borage order, and the buckwheat {P(jli/!ionum fafiopyrum)

may also be mentioned as examples of dimorphism. The
order Kubiaceas, of which the woodruff may be taken as a

Dimoi'pliic Floirovs of Primrose (^Primula otimiiira.) A, Long-
stvled form, with small pollen and large stiginatic papill;i?. a,

anthers ; s, stigma. B, Sbort-stjled form, with large pollen

grains and small papilhc. n, insect's prohoscis dusted in B, m,

ditto in A. Pollen and papilhc highly magnified.

type, is, however, the richest in dimorphic species ; these

are all foreign, and several of them, though dimorphic in

form, really have the sexes completely separate, the short-

styled flowers having become male, and the long-styled

ones female.

Great as is the interest attaching to the dimorphic class,

certain other plants, which produce three different sorts of

flower, excel them. The purple loosestrife (Li/t/intm

salicaria), which grows in this country both wild and
cultivated, is a typical example of this trimorphism. Its

dissimilar flowers are borne, as in the dimorphic class, on

separate plants, and are distinguished as short-styled, mid-

styled, and long-styled. Each variety has two sets of

stamens differing in height, the anthers being placed at

levels corresponding to the stigmas of the other two
forms ; the short-styled flower has medium and long stamens,

the mid-styled long and short stamens, and the long-

styled short and medium stamens, as shown in the

accompanying figures. As the long and medium stamens

of the loosestrife project beyond the flower, they are more
likely to come in contact with the body than with the

proboscis of a visitor. The bee Cilissa melanura shows a

singular partiality for the loosestrife, and confines its visits

almost exclusively to flowers of this species. The
dimensions of the insect accurately correspond with those

of the flower, and H. Miiller has noted that when engaged

in extractuig the nectar, it touches the shortest organs with

its head, the intermediate ones with the ventral surface of

its thorax, and the longest with the ventral surface of its

abdomen. Darwin's numerous experiments on this plant

conclusively show that for complete fertility it is essential

that a stigma should receive pollen from a stamen of equal

height. Of the eighteen possible modes of fertilization

only six were found to be fully productive—viz., when the

short-styled form was pollinated from the short stamens of

the mid or long-styled flowers ; when the mid-styled was
polHnated from the medium stamens of the long or short-

styled blossoms, and when the long-styled was pollinated

from the long stamens of the short or mid-styled flowers.

Upwards of twenty species of Lythrum are known to be

heterostyled, but a much larger number have flowers of the

ordinary form. The genus Oxalis also contains numerous
trimorphic species. The wood sorrel of our plantations,

with whose pretty heart-shaped leaflets and pinkish white

flowers our readers must be familiar, is homomorphic, but

several closely allied exotic species bear three kinds of

flower. One species of Oxalis is frequently met as an
accidental introduction in greenhouses ; the lengths of the

styles and stamens in its different flowers are delicately
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adjusted with a degree of accuracy which might well be
described as mathematical. Pontederia, an American
aquatic, is remarkable as afifi'ding an example of a
trimorphic monocotyledon. Epigsea, one of the heath

Trimorpliic Flowers of Loosestrife {Li/lhntm salicaria). a short,

b mecluiiy, c long stamens; ,t, stigraa.

order, attains, however, the highest degree of hetero-

morphism known. This plant, according to Asa Gray's
description, is tetramorphic, producing four different sorts

of flower, with styles and stamens of four different

dimensions.

Heterostyled flowers differ not only as regards the
length of their stamens and pistils, but in other respects
as well. Their corollas sometimps differ considtrablv in

size ; short-styled flowers commonly produce larger pollen
grains, and the stigma of the long- styled flower is larger
and beset with longer papillae than that of the short-styled
blossom. From these differences it has been inferred

that dimorphic species are on the way towards becoming
dicEcious ; in other words, are tending towards a complete
separation of the sexes, a condition exemplified in the
nettle, willow, poplar and many other plant?. Long-styled
plants have been shown to be more prolific than the others,
whether the fertilization be legitimate or illegitimate ; the
intercrossing of two short-styled forms is, on the other
hand, characterized by remarkable and, in some cases,
absolute sterility. This circumstance has been held to

indicate that the pistil of the short-styled form has tmdcr-
gone partial degeneration, but a strong objection to this

view is the fact that the short-styled flower generally excels
the other in its capacity for self-fertilization. la several
experiments the short-styled flowers wtre found to yield
abundance of seed when fertilized with their own pollen.

The mid-st}led form of Lythrum is the most fertile both in
legitimate and illegitimate unions, but it is entirely unpro-
ductive with pollen from another midstj led flower. The
longest stamens of loosestrife have the largest pollen
grains, their colour being green ; the pollen of the short
and medium stamens is yellow. Its stigmatic papillae
difler in a manner similar to those of dimorphic species.

The results of artificial fertilizition fluctuate very much
;

Hildebrand, for example, found the lungwort completely
sterile with its own pollen and with that from a flower of
the same form. Tne long-styled variety of this plant
Darwin, on the other hand, found highly productive, even
when illegitimately fertilized, and he also obtained a number
of seeds as the result of self-fertilization. If this dis-

crepancy arose from Hildebrand's plauts being kept indoors
while Darwin's were grown outside, it would appear to
show that the capacity of forming fertile unious is a
character subject to great variation and liable to be afi'ected

by alteratious in the external conditions under which
plants are grown.
A noteworthy fact, revealed by investigations on this

subject, is that flowers of the same species when illegiti-

mately united behave in exactly the same manner as do two
distinct species when crossed. If pollen from a different

species be applied to a flower's stigma, and its own pollen

be afterwards placed on the same stigma, the latter is so

strongly prepotent that it generally arrests the efifects of

the foreign pollen. In heterostyled flowers legitimate pollen

is also strongly prepotent over illegitimate when placed on
the same stigma. The effect of illegitimate fertilization

was found to be completely neutralized by the application,

twenty-four hours later, of legitimate pollen. Again, the
ofl'spring of illegitimate unions admit of being crossed in a
legitimate manner, but when this is done, instead of the
complete fertility which we should expect, such unions
exhibit marked and, in some cases, absolute sterility.

There is thus the closest analogy between these illegiti-

mate plants and hybrids. As regards fertile union, a
short-styled primrose stands related to another flower of

the same form, very much as it does to a flower of a

difl'erent species altogether, and an illegitimate plant
derived from the crossing of two similar primroses is, as

regards reproduction, to all intents and purposes a hybrid.
The sterility of hybrids was long regarded as an unfailing

test of species ; the phenomena of dimorphism and
trimorphism, however, foibid us to regard this as a safe

criteiion of specific distinction.

The varying degrees of fertility disclosed by investigations

of this kind, lend countenance to the theory advanced a
few years ago by the late G. J. Eomanes to explain the
origin of species. It is not every variation, as he pointed
out. that can give rise to a new species, for natural selection

only accounts for the preservation of useful characters.

Allied species are commonly distinguished by characters
which are of no physiological importance whatever.
Further, when a new variation has once arisen, there is

nothing in natural selection to prevent its disappearing
again through intercrossing with the parent stock. To
obviate these difficulties, Eomanes brought forward his

supplementary theory of physiological selection, or the
segregation of the fittest, which attributes the origin of a
new species to the appearance of a variety which is sterile

with the parent form, although fertile when intercrossed

with others of its own variety. Such sterility, when it

arose, would prove a barrier against retrogression.

Since their near allies are all homomorphic, the ancestral
forms of heterostyled plants doubtless bore but one kind
of flower. The st}les and stamens of many flowers are
suljtct, especially under cultivation, tj vary much in

length. Selection by insects would, however, tend to fix

the stamens and styles at the proper height, and the
flowers might thus ultimately become dimorphic or
trimorphic. As heterostylism occurs in families which
have but little affiuity with each other, the arrangement
has in all probability arisen independently in different

groups.

Cross-fertilization is in many flowers promoted by
dichoijamy ; the stamens and stigmas do not mature
simultaneously, but the flav;ers are alternately male and
female. Where this arrangement exists, two insect-visits

are required for the proper fertilization of each flower.

Over these, heterostyled pliuts have this advantage, that
one insect-visit suffices both for the pollination of the
stigma and the removal of the pollen. Where the proper
insects are scarce, this advantage may become of some
importauee. It is right to mention, in conclusion, that
Heuslow takes exception to some of Darwin's deductions
regarding the advantages of cross-fertilization, and points
out that uoder certain circumstances, self-fertilization

appears to be quite as effectual. Fresh experiments would
seem to be required to ascertain precisely the conditions
under which each method is adopted. Henslow's views

I
are to a certain extent, however, in accord with Darwin's

;
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for he too holds that as at present constituted, most flowers

do derive benefit from the intercrossing which insects

accomplish. The question at issue does not, therefore,

seriously aflect any of the statements advanced in the

present paper.

I

BARON VON TOLL'S EXPEDITION TO THE
NEW SIBERIAN ISLANDS.

13y Carl SiE-n-EKs.

N 1889, the Imperial Eussian Academy of Sciences

had received from the well-known Siberian merchant,

Mons. Sannikoff, information to the effect that the

body of a mammoth had been discovered under the

seventy-third degree of latitude, on the Balakhna

After a short stay at Irkutsk, they travelled to the Aldani

whence they proceeded in reindeer sledges. The Verk-

hoyansk range was crossed by the Tukulan Pass, five

thousand feet high, and from Verkoyansk the explorers

went westwards, across the Omoloi Mountains, to Kazachiye,

which was reached on April 8th. Talking there with his

old acquaintances, Baron Toll came to the conclusion that

he would be able to make, in this same spring, an excursion

to the New Siberian Islands, travelling in dog-sledges on

the ice. He started immediately after Easter, with

Mons. Sannikoff and several men, to visit the place where
the mammoth body had been seen, one hundred and
seventy miles north-east of Ust-Yansk. Four days later

they began operations, and in two days the men, who
had already won some experience in this sort of work
during a previous expedition, had reached the mammoth.

The Expedition on the frozen ocean between the Island of Ljachow and the mainland, with tlie

of the latter in the distance.

mountains

Kiver, which flows into Khatanga Bay, and Baron Toll

was at once invited to take the leadership of an expedition

for the investigation of the discovery. The bad state of

the Baron's health compelled him, however, to decline the

offer, and Mons. Chersky was sent out to make collections of

post-tertiary mammals in the far north-east, on the rivers

Yana, Indighirka, and Kolyma. After Chersky's untimely
death, the proposal to start for the Khatanga was renewed
to Baron Toll, and it was decided that he should not only
examine the mammoth find—which; after all, might prove

to be of no importance—but also make a general exploration

of the very little known Anabar region. He left St. Peters-

burg on .January 2nd, 1893, in company with Lieut.

Shileiko, who undertook the topographical and astro-

nomical work of the expedition, as well as the magnetical
observations.

However, Sannikofl''s hopes were not fulfilled. Only small

pieces of the skin, with the wool attached, parts of the

extremities, and the lower jaw of a young mammoth were

unearthed. The skull had long since been broken, and

the tusks had been taken away. These reUcs were all

lying in recent alluvial sands, deposited by the Sanga-

Yuryakh Eiver, which had washed them out from the

underlying post-tertiary beds. It was, therefore, decided to

return later to the spot when the snow would be gone, and

in the meantime to pay a visit to the islands.

On May 1st, the two explorers, accompanied by one

Cossack and three Lamutes, left the mainland and landed

on the south coast of the Malyi Lyakhov Island. Work
was begun at once, and at the very start Baron Toll came

across the interesting fact that under the perpetual ice, in a

sweet-water deposit, which contained pieces of willow and
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bones of post-tertiary mammals (the mammoth layer),

were complete trees of Alnus fruticosa, fifteen feet long,

with leaves and cones. It was thus evident that during
the mammoth period tree-vegetation reached the seventy-
fourth degree of latitude, and that its northern limit was
at least three degrees further north than it is now. The
importance of this discovery is self-evident. Moreover,
at this spot, as well as during further exploration,

especially on Kotelnyi Island, the origin of the thick layers

of ice which arc seen everywhere under the sweet-water
post-tertiary deposits of the New Siberian Islands could
finally be settled. It was obvious that this ice did not
originate from snow ; for it has everj^where a granular
structure, and must thus be considered as originating

from the ice-sheet of the glacial period.

As to the present conditions of climate and animal life,

together by hard snow during the winter, were now loose

and surrounded by water. Notwithstanding these
difficulties, the return journey of one hundred and fifty

miles was performed without accident, and all the
instruments and collections were safely landed on the
mainland on June 8th.

The second part of the journey, over the tumlrns and
across the Khara-ulakh range to the Lena, was accomplished
on reindeer-back, the expedition dividing into two parties

at Aijergaidakh, as Baron Toll wished to revisit the
mammoth remains. Now that the snow had gone, it was
seen that only parts of an incomplete corpse were buried at

this spot, and no further relics could be unearthed.
The ride on reindeer-back from the Svyatoi Nos to the

Lena, a distance of eight hundred miles, proved that the
tundras can be crossed at any time of the year if the

The Expedition in reindeer sledges on the Eiver Anabar, lat. 72^ N. ; larch trees in the background at the forest limit.

they appeared under quite a different aspect from what
they were in 1886. In that year, even on May 13th, the

temperature was 6^ Fahr. ; while in 1893 it was raining

on May 6th on the Great Lyakhov Island. True, this was
the first rain of the season, and it was followed by snow-
storms, but it was a forerunner of summer. The first

winged guests made their appearance on Kotelnyi Island

in the middle of May ; the gulls taking the lead, then

the geese, followed by turkans, skuas, and others. The
latter found plenty of food in the mice, the only winter

inhabitants of the islands. The mice displayed a feverish

activity ; some of them migrated from one island to the

other, others migrated to the continent, while others,

again, came from the continent to the islands.

On the return journey, frosts became less and less

frequent, and the travellers had to drag their sledges

themselves, as the ice hummocks, which are all cemented

traveller rides a good reindeer, which easily crosses the

most swampy places, but, in addition, a vyetka—that is, a

boat for crossing rivers, made out of a poplar tree, or of

three larch planks—is useful. During this journey the two
explorers had again an opportunity of making a fuller

acquaintance with the peculiarities of the Polar climate. In

•July, on the shores of the Arctic Ocean, in lat. 72°, the

temperature was 93° Fahr., and the sky remained quite

clear all the time.

After having crossed the Khara-ulakh range in two
separate parties, they met together at Kumakh-sur, where
they took a boat and explored the Lena and its delta.

On August 21th the expedition started westwards in a

long caravan of nearly fifty reindeer, in order to explore

a region which had not been visited by a European for

more than one hundred and fifty years, since the times of

Laptefl' and Proncbishchefi". They had only one guide, a



May 1, 1895.] KNOWLEDGE. 107

Dolgan, and five Yakuts. The chief aim of the expedition,

the bay of the Anabar, was reached on September 2nd, at

Cape Buskhaya. Good weather set in, and for a full

month they had a succession of bright, warm days. Lieut.

Shileiko was thus enabled to make a fundamental survey

of Anabar Bay, as well as of the Anabar Eiver, as far as

the mouth of the Uja, at the limits of tree-vegetation

—

that is, for a distance of two hundi-ed and seventy miles.

At the same time the high crags of the bay and river

(attaining in places heights of three hundred feet) afiforded

Baron Toll the possibility of obtaining a full picture of the

geological structure of the region, and he gathered a rich

collection of the fauna of the lower chalk deposits, of which
the plateau between the Lena and the Anabar, and
probably also the country further north, up to the

Khatanga, is composed. In the five different horizons of

the lower chalk, which he thus investigated, he found all

the Mesozoic fossils, and especially the ammonites of

doubtful age, which had previously been found in North
Siberia, either isolated or in boulders, and thus he was
enabled to ascertain their proper place in the succession of

fossils of that age.

After having completed their work on the Anabar, the

explorers, instead of returning by the already known route

to Bulun, took a new one, and connected their surveys with

Dudinskoye on the Yenisei. Baron Toll, having to return

to Bulim for his collections, parted company with Lieut.

Shileiko, who lost no time in moving westwards.

Meeting again at Khatangskoye, the two explorers

started for their home journey, which they accomplished
with remarkable rapidity. It took them but thirty days
to reach Yeniseisk, and twenty-three days later they were
at St. Petersburg.

The results of the expedition are encouraging. Over
three thousand miles were surveyed, being based upon
thirty-eight points, astronomically determined ; nine
months of meteorological observations in the tundras were
noted ; hypsometrical measurements along the whole of

the route were made, while one hundred and fifty

photographs and very rich collections of botanical,

zoological and ethnographical specimens were obtained.

It should be added that Baron Toll was also to keep a

good look-out for the Fmm and the Nansen expedition,

which, as originally settled, was to call, and even winter
at the New Siberian Islands, but as no traces whatever
were found of that expedition, it is concluded that Nansen
found the sea so open to the north-east that he did not
call, in order to avoid delay, but steered direct into the
Polar pack, which he beheves is to carry him across the
Pole and south to Spitzbergen.

The two photographs accompanying the present paper
were taken by Baron von Toll, and placed at the disposal
of the writer.

NOTES ON A SOLAR PHOTOGRAPH.
By E. Walter Maunder, Hon. Sec, B.A.S. ; President

British Astronomical Association : Superintendent of the

Phi/sical Department, Royal Observatory, Greenwich.

THE readers of Knowledge are indebted to M.
Janssen, Director of the Meudou Observatory, for
the fine solar photograph reproduced in the
present issue. The original negative was taken
on April 1st, 1894, and was then enlarged, for the

special district shown, to a scale of one metre to the solar
diameter. This has been slightly enlarged further in the
process of reproduction. The plate being too large as it

stood for a page of Kndwledge, it has been divided into

two, but the relation of the two parts has not been other-

wise disturbed. The upper and lower edges of the two are

in the same straight line with each other, and the following
edge of the one corresponds to the preceding edge of the
other.

The first point of interest in the photograph, of course,

attaches to the three considerable groups of spots, which,
together, form indeed a very fairly typical area of disturb-

ance ; not one of the greatest outbreaks, but one of at

least the second order of magnitude. On April 1st, the

day in question, the total area of the three groups was
2300 millions of square miles, just one five-hundreth part

of the entire visible hemisphere of the sun ; the three

separate groups registering GOO, 1580, and 180 millions of

square miles respectively. A comparison with photo-

graphs taken on the preceding and following days shows
that the three groups were still on the increase on April 1st,

though they were not far from their greatest development.
This was reached on AprO 4th, after which a rapid decline

set in.

As will be seen from the Uttle sketch map given in

Fig. 1, which shows the relation of the three groups to

Fig. 1. -Tlio S\in on April 1st, 1894; showing poeitious of

tile chief Spot-groups.

other spots on the sun and to the general disc, the western

group was on the central meridian at the time when the

photograph was taken. The groups are, therefore, shown
at their best and fullest presentment to us, as well as when
they had nearly attained their largest size.

The history of the three groups is of a very ordinary

kind. Distinguishing them as "western," "northern,"

and "eastern" respectively, the western group was first

seen as a number of somewhat small spots, closely packed

together in an irregular cluster, and surrounded by a

considerable mass of faculas. By the next day the group

had apparently lengthened out a little, an effect, however,

due only to the diminution in the foreshortening. But

by March 29th a real lengthening, as well as an apparent

one, was evident, due to the motion forward of the leading

spot, which was at the same time rapidly increasing in

size. Thus from an area of 14 millions of square miles

on March 28th, it had increased to 640 millions on

April 4th, a growth of 626 milHons of square miles in a

single week. The forward motion in longitude had not

lasted so long, coming to an end on April 2nd. The
five days showed a motion of 4'5°, or 0-9° a day, equivalent
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to nearly 7000 miles, or 800 miles an hour. It must,
however, be always borne in mind that even moving at
this tremendous speed it would take the spot four entire
days to cross its own diameter when at its greatest
extension. This kind of spot motion is, therefore, rather
the development of the disturbance forward than the
actual movement of the spot on the solar surface. The
spot has seemed to move, mainly because its growth has
been restricted on the following side, but has proceeded
freely to the west and north and south.

Contrast with this growth and mobility that of the last

spot of the group. With an area of 27 millions of square
miles on March 27th, it extends to 31 millions on March
31st, and has shifted its position 0'1° in longitude in four
days.

_
Then the bright faculous matter surrounding it

closes in upon it. It has shrunk to eight millions by the day
of our photograph, and has disappeared by the following day.

This behaviour is most strictly typical of a large class
of spot-groups. The actual commencement of the gi-oup
was not witnessed in this case, as it took its rise in the
unseen hemisphere. But it was evidently not more than
two days old when first discerned near the east limit.

The gradual change of the compact irregular cluster into
the long straight stream by the forward rush of a single
small spot, which grew as it advanced, whilst the spots
in the rear remained almost motionless, is continually
being witnessed, and the rate of advance is practically
always the same—from 6000 to 8000 miles a day. Then,
as with the present group during April 3rd—6th, there is

a gradual swing back of the leader spot as the train of
smaller spots which follow it die out. On April 5th, for
example, the leader has receded 1-4° from its place on
April 2nd, and is accompanied by but a single follower.
The condition in which the group was now seen is apt

to be a stable one. In the present instance it was lost to
sight at the west hmb after April Gth, but a fortnight
later was seen again at the east limb, still a well-defined
circular spot, but little smaller in area to what it was on
April Gth, in practically the same longitude, but having
moved more than 2° towards the north in latitude. It

remained steadily in this position without materially
changing as to place, size or appearance. It reached the
west limb for the second time on May 3rd, and was not
seen again.

The eastern group, like the one we have just noticed,
took its rise in the unseen hemisphere, but its regular
outline and stability of position point to its being already
an old spot when it first came into view on March 28th.
Besides, its period of growth was already over, and a slow
and steady shrinkage from an area of 225 millions of
square miles to one of 126, was practically the only change
it showed during this period of visibility. OccasionaUy
one or two little acolytes were seen near it ; there were
three on April 1st, but these soon disappeared again. The
group showed precisely the same features during its second
appearance, the shrinkage still continuing, until, by
May 4th, its place was entirely covered over.
The third and largest of the three groups, the one

furthest to the north, showed by far the greatest activity,
and furnished during much of its course an example of
another class of spot stream from that afforded by the
western group. Its commencement was quiet enough—

a

small solitary spot near the east limb on March 28th. Its
area was about 33 millions of square miles, it had obviously
not long formed, and it was surrounded by some bright
but not extensive faculse. Its development was very
striking. It covered an area of 224 millions of square
miles on March 29th, and three fresh spots had formed
behind it. These at first lay nearly at right angles to the

direction of the solar rotation, but speedily fused together,
and tended to draw out in a line parallel to it. On March
30th the group consisted mainly of two fine composite
spots, each showmg several nuclei, and covered a total

area of nearly 1000 millions of square miles. A double
chain of very small spots united the two giants of the
group. The increase continues on the succeeding days
until April 3rd and 4th, when the total area reaches 1660
millions of square miles. After this the group begins to
decay, and it proves the most short-lived of the three.
Bright faculous matter begins to pour into the rear spot on
April 5th, and by April 7th it is completely broken up.
Simultaneously with this destruction of the following
portion of the group the great leader spot has moved
forward and northward with great rapidity, a movement it

evidently continues whilst in the further hemisphere, for

after its second appearance at the east limb on April 22nd
it is found to have travelled more than 10° in longitude
and 2- in latitude since April 5th. The leader, now
reduced to a small circular spot of about 80 millions of
square miles area, is all that remains of the great group,
and ten days later the last remnants even of this have
disappeared.

The great difference between the western and the
northern groups lay in the fact that the growth of the
former was chiefly confined to its leader spot, but that
of the latter was divided nearly equally between the first

spot and the last. It is in strict accordance with this

circumstance that the elongation of the first group was due
to the rapid motion forward of its growing leader ; but
that of the other to the motion apart from each other of its

two end spots, the leader moving forward, the rear spot
moving backward, a motion which continued so long as
the growth of both was maintained. The break-up of the
rear spot was at once answered by a check to its motion,
and by an increase in the forward drift of the leader.''

Another striking feature of the northern group, and one
intimately connected with its chief development in two
directions, was that the disintegration of its two spots
proceeded on the inner side ; the front spot wasted on its

following side, the rear spot on its preceding side. The
outer edges of both spots were regular and well defined.

This alteration is partly shown in the present photograph,
but the process was better seen on the previous day, when
the group was in a condition of more active change.
The three groups before us, therefore, though not of

extraordinary size, presented several points of interest.

There is yet another to which allusion should be made.
As I have had occasion to point out before (" The Great

Sunspot and its Influence," Knowledge, May, 1892), it is

by no means easy to make a satisfactory comparison
between sunspots of what I have called the second order
of magnitude, and magnetic disturbances. They may or
may not be observed simultaneously. The present occasion
was, however, one in which a considerable display of sun-

spots was coincident with a marked but not an extra-

ordinary magnetic irregularity. As the accompanying trace

(Fig. 2) will show, the declination magnet at Greenwich
commenced to swing eastwards at about five p.m. on March
30th, and a set of oscillations commenced, of no great

rapidity but of considerable length, which, by the following

midnight, had reached a point nearly a degree removed
from the mean place. The oscillations which followed

tended to bring the magnet back to its normal position,

* A rotation ])erio(i of 25'38 days was assumed in each cas3.

The use of either S()oerer's or Carrington's values for the special

latitudes concerned would alter the rates of motion given in the above
remarks, but would only account for a small portion of the change
of longitude.
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and by five a.m. on March 31st, the disturbance was prac-

tically over. A second, but much slighter, set of tremors

began the following evening, but ceased at midnight. A
comparison with the traces of the magnetic storm which

accompanied the great spot of February, 1892 (Knowledge,

being hidden by the lip of the spot on the side nearer the
centre of the sun. Further foreshortening subjected the
umbra to a like encroachment, until only the penumbra
on the side nearest the limb remained in sight.

To a certain degree every solar observer will support
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FlO. 2.—Photographic Trace, showing the movements of the Declination Magnet at Greenwich, March 30th and 31st, 189-1.

May, 1892, p. 92) will show that there was nothing on the

present occasion to rival the short, swift vibrations of the

earlier disturbance, nor did this storm begin by that sharp

instantaneous twitch which was seen in that of 1892—

a

twitch which is a well-marked and most truly typical

feature of tirst-rate magnetic disturbances.

The coincidence, therefore, in the present case is of a

much less convincing character than in those of the giant

spots, and if it stood alone but little could be made of it

;

but taken in connection with the evidence which the

greatest spots and storms supply, it tends to confirm the

view that the solar magnetic influence, whether direct or

indirect, is not associated with any precise position of a

spot on the disc, but is greatest when the spot is near the

central meridian. For the instances given in my paper,

alluded to above, referred mostly to magnetic storms which
had taken place when a great spot had just passed the

central meridian. The present is a case in which the

storm took place just before the most important visible

group reached it.

Passing from the sunspots, the next remarkable feature

of our photograph is the contrast in brilliancy between
the centre of the field and its edges. Round the northern
group, and stretching far to the south in one vast sheet, is

a mass of intensely luminous matter, compared to which
the ordinary photosphere as seen towards the edges of the
photograph looks dim and dark. It cannot be questioned

that this matter is at once brighter and higher than the
general photosphere. The way in which it invades, and
overhangs, and in some cases apparently hides the
members of the western and northern spot-groups is

irresistible proof of its greater height.

This fact is of some importance in the light of a
discussion which has recently been revived by the Rev.
F. Howlett, F.R.A.S., as to whether or no sunspots are
cavities. It is well known that Prof. Wilson, nearly one
hundred and twenty years ago, was led to conclude, from
watching the behaviour of a large, well-defined spot, that
this was their true form. As the spot approached the
limb, and was therefore seen strongly foreshortened,

the penumbra on the side remote from the limb narrowed
faster than that on the other side, and finally disappeared,

Mr. Hewlett's attack on the theory which Prof. Wilson
based on this observation. There is no question nowadays
of the body of the sun being dark ; neither can we suppose

that the depth of even the deepest spot bears any
appreciable ratio to the solar radius, or even to the

diameter of the spot opening itself. If sunspots are

cavities, then, relatively to their area, they are exceedingly

shallow cavities, and we have uo right to expect that the

foreshortening of a spot near the limb will do much more
than apparently slightly misplace the central nucleus.

The examination of a photograph like the present appears

to me to clearly demonstrate that, however relatively

shallow, the spots are still actual depressions. This

bright faculous matter so clearly overrides both penumbra
and nucleus, both in the central spots of the northern

group and in the following spots of the western, that its

greater elevation cannot be challenged. Seeing, then, that

we have four distinct regions of different intensity, this

bright faculous matter, the ordinary photosphere, the

penumbra of the spots and their nuclei, of which the

brightest is manifestly the highest, so that, to take the

northern group for example, the spots which it surrounds

are evidently depressions below its level, is it not reason-

able to conclude that the dark nucleus is a depression

below the less dark penumbra that surrounds it, and the

penumbra a depression below the brighter photosphere

around it '?

The difficulty of arriving at a conclusion as to the true

form of sunspots from observation of the Wilsonian

phenomenon seems to me to have been scarcely grasped.

In the first place, on any reasonable hypothesis as to the

average depth of a spot, the Wilsonian effect must always

be but slight. Next, the instability of the vast majority

of spots is so great, that the fact of the nucleus being

central when the spot is in the centre of the disc, scarcely

even furnishes a presumption that it will be so five or six

days later. Then the effect of refraction in the solar

atmosphere, concerning the amount of whic^ we are

necessarily total ignorant, would tend to mask the

Wilsonian phenomenon. But above all, if the darkness of

a sunspot be due to absorption, and if the spot be a

depression, absorption will be greatly increased as the
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spot approaches the limb. The penumbra on the side

of the spot remote from the limb would, therefore, tend
to be hidden, as Prof. Wilson pointed out. The nucleus
woidd not only be made darker, but would suffer a

fictitious extension in the other direction. In short, the

actual effect to be expected on this hypothesis is not
the mere hiding of the penumbra and nucleus on the side

furthest from the limb. It would be a threefold effect

;

the spot, as a whole, would be darker, the umbra would be

relatively enlarged, and the contrast between the photo-

sphere and the spot on the side furthest from the limb
would be increased.

So far as my own observations go, only one of these

three effects is perceived, and that not very markedly—the

sharper contrast at the inner edge of the spot. It seems
to me clear, then, that we cannot look upon a sunspot as

merely an absorption effect.

That it is partly so, the spectroscope proves beyond a

doubt. I have been quite unable to follow those observers

who can find no broadening of the Fraunhofer lines in a

spot spectrum. There are, indeed, wide belts of the

spectrum where the lines broadened are few, and the

broadening shght. But from C to D, and near the h lines,

I cannot understand how the effect can be overlooked.

Still, when the entire additional broadening seen

throughout the whole sjiectrum is allowed for, it accounts
for but a very small fraction of the loss of light in the sjjot.

Gaseous absorption there unquestionably is, but it fails to

account for the darkness of the spot.

We have, however, come to recognize the existence

round the sun of a vast quantity of dark solid particles

—

dark, at all events, as compared with the photosphere. It

is to this solar " dust " or " smoke " that the chief part of

the rapid falling off of the sun's light near the limb is due.

If the darkening of the spot were due to this dust filhng

up the hollow of the spot, then we should have a general

darkening throughout the spectrum, as is most certainly

the case, but should also have the threefold effects described

above, but which are much less obvious than they should

be.

It seems conclusive, then, that the main cause of the

darkness of a spot is not increased absorption—either

selective, as from gases, or general, as from solid particles.

It is chiefly due to diminished radiation.

The light of the photosphere has been ascribed, since

Mr. .Johnstone Stoney's paper of nearly thirty years ago,

to the condensation of carbon. There is a certain level

where the uprushing streams of glowing gases from the

centre of the sun become so far cooled by expansion
and radiation as to condense carbon, and possibly silicon,

into the form of clouds of dazzling brilliance. For the

most part, no doubt that level remains pretty constant.

It must do so, indeed, for the greatness of the sun's

attractive force will render the diminution of atmospheric
pressure for every mile of ascent very rapid.

The exception is seen in such a luminous region as we
observe in the midst of the northern spot-group. Here
there has evidently been an uprush of gases, so strongly

heated, and rising with such speed, that condensation does

not take place until a much higher level than usual is

attained, and there it is both sudden and complete. These
brilliant clouds rise above much of the dust layer, no
doubt, and appear the more brilliant on that account,

as they escape some of the dimming which the dust layer

causes.

With the uprush there is necessarily associated a region

of diminished pressure, a region of downrush into which
no small amount of this darker, colder solid matter is

drawn. Sometimes we have the uprush coming up nearly

straight from below. In this case the corresponding
depressions tend to be pretty evenly balanced, one in

advance of, the other following the uprush. We have
then a group of spots like the northern one, essentially a
pair of spots. In this case, as the strength of the outburst

grows, the two depressions at either end are forced apart as

they widen. In the case of the western spot-group the
outburst seems itself to have had a strong forward motion.
Hence the accompanying depressions were mostly confined

to a single spot, which moved rapidly forward as it grew.

We may look, then, upon the nucleus of a spot as being
relatively dark, partly because seen through an increased

depth of absorbing gases, partly and to a much greater

extent because the spot cavity is filled with comparatively
cool solid particles, and partly, and perhaps chiefly, because
the floor of the spot hes below the level at which gaseous
carbon suffers condensation. A spot is thus a region of

diminished radiation, as well as of increased absorption.

It is a hollow, but so shallow relatively to the vast bulk of the

sun as almost to justify us in speaking of it as a surface

stain. It is a hollow, but not an empty one, nor filled

merely with gases. It is fiUed with matter of the same
nature as that which causes the limb of the sun to look so

much less bright than the centre—that is to say, in all

probabihty, with finely divided solid particles that are far

advanced in cooling.

ANOTHER SPECTROSCOPIC BINARY STAR.
By Miss A. M. Clehke, Authoress of " Tlu System of the

Stars " (171(1 " A Popular History of Astronomy during the

Nineteenth Century," <i'-c., li'v.

IT
seems that 8 Cephei is to be added to the list of

these wonderful objects. The result is not altogether

unexpected. Successive discoveries, and especially

that of the duplicity of /3 Lyrse, led up to it. Never-
theless, the actual revelation of the fact is of profound

interest. It throws open new views, modifies old ones, and
must powerfully stimulate research into the conditions of

stellar variability.

The light-changes of S Cephei were detected by Goodricke,

of York, in 1784, and have since been attentively watched.
They are accomplished, on the whole, with exactness and
punctuality. Argelander stated in 1848 (Astr. Xac/t., No.

624) that, during seven years of constant observation, he
had perceived no break in their uniformity. Schonfeld

concluded in 1876 (Zweitir Kataloy, p. 49) against the

presence of any genuine irregularities. The light-curve,

however (ns the accompanying figure shows), is by no
means smooth or symmetrical. The rise from 4-9 to 3-7

magnitude is executed in Id. li{-6h., or in just one-third

of the entire period of 5d. 8'8h., the decline being,

moreover, interrupted by a stationary interval beginning

about sixteen hours after maximum. This curious halt,

which almost suggests an attempt at a second maximum,
and is common to many variable stars, is vouched for, in

the case of 8 Cephei, by both Schonfeld and Argelander,

but does not appear in Prof. Gudemans' curve representative

of its ijhases. Perhaps it is less emphasized at some times

than at others. The range of variability is sensibly

constant. Schmidt recorded, it is true, one completely

abortive maximum. The increase of brightness due on
May 6th, 1868, was barely indicated [Astr. Xach., No.

1745). But this alleged failure, since it rests on the

testimony of one, albeit a very competent observer, suggests

illusion. The character of the star for accuracy in

variation is otherwise unimpeached.
It was given the first place on M. Belopolsky's list of
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naked-eye variables to be investigated with a new spectro-

graphic apparatus fitted to the thirty-inch Pulkowa
refractor in the summer of 189i ; and he obtained, in

August and September, a series of thirty-four photographs

Mag
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Fig. 1.—Light-Curve of 8 CepUei (ScUoufeld).

of its dispersed light, each plate being impressed besides

with spectra for comparison of iron and hydrogen. Their

examination showed at once the progress of orbital motion
in a period indistinguishable from that of the luminous

change. It was, however, betrayed, not by the alternate

separation and closing-up of two sets of lines, but by
the swinging to and fro of a single set. The star

thus circulates, like Algol, roimd a partially or totally

dark body. M. Belopolsky has calculated its orbit by
a method invented by Dr. Eambaut {Monthb/ Notices, LI.,

816), and improved by M. Lehmann-Filhes {Astr. Nach.,

No. 3242). It proves to be so considerably eccentric that

the star is three times nearer to the centre of gra-\dty of

the system at its furthest retreat fi'om, than at its nearest

approach to it ; and the long axis of the ellipse is turned

almost directly towards the earth, with the apastron at the

hither side. Half this axis (that is, the mean distance),

multiplied by the cosine of the inclination to the visual

ray, is 800,000 English miles in length. But since the

inclination is undetermined, and perhaps undeterminable,

this is no more than a minimum estimate. If the orbital

plane, for instance, made an angle of 60° with our line of

sight, it should be doubled. Nor is any reason apparent

why the angle should not be even greater than 60°.

Where an eclipse may be supposed to occur, the case is

different. Then the inclination must be approximately
zero. Half the sum of the measured velocities of Algol,

when moving directly towards and away from the earth

—

in other words, as it passes through the nodes of its orbit

—thus represents neither more nor less than its actual

velocity of circulation.

In 8 Cephei, none of the symptoms characteristic of an
eclipse are visible. The shape of the light-curve is scarcely

compatible with its occurrence. It shows no abrupt
hollow, no prolonged high-level of full brightness. The
maximum, on the contrary, is no sooner reached than a

gradual and indecisive descent towards minimum begins.

The former is accordingly much more sharply defined

than the latter. So that the conditions imposed by the
eclipse- hypothesis, far from being complied with, are
reversed. It would indeed be impossible to devise any
form of occultation capable of explaining the entire

variation of S Cephei ; none even tending to simplify, or

usefully to supplement other causes of change. The
introduction of geometrical obscurations appears, then, to

be superfluous and misleading.

When they really occur they are unmistakable. Algol

-

stars have their character writ large enough for the

quickest runner to read. Rigid tests can, moreover, be

applied. Eclipses can only take place when the bodies
concerned are moving across the line of sight— that is, at

periods of spectroscopic immobility. Prof. Yogel has
shown that this requirement is 7iot conformed to at the

muiima of (3 Lyra, which can-
not, therefore, be due to the

alternate concealment of one
of the star's lustrous compo-
nents by the other. And M.
Belopolsky's data regarding S

Cephei are, as they stand,

equally conclusive. In a system
like that of Algol, in which a
bright star passes behind a
dark - one, radial movement
must evidently be recessional

previous to the eclipse, cease

altogether during its progress,

and reverse its direction when
the eclipse has terminated.

These rules, which are of the very essence of the pheno-
menon, are strictly obeyed by Algol. But by the Cepheus
variable, although likewise composed of a luminous and
a non-luminous body, they are disregarded. Its mimina,
if eclipses were in any way involved in their production,

should virtually coincide with the star's periastron-passage

—the periastron in this orbit being 88° from the ascending
node, or nearly in our line of sight. In point of fact, they
precede periastron by one entire day. Hence, spectroscopic

motion, instead of becoming extinct when the lowest phase
is attained, proceeds throughout its duration at a relatively

high rate, and in an unchanged direction. The star is in

course of retreat from the earth no less after than before its

minima, which hence demonstrably occur at a part of the

orbit where eclipses are impossible. It should be added that

the results so far secured at Pulkowa are considered by
their author as merely provisional, so that no final

judgment can be pronounced on any point connected with

them. Still, it is scarcely to be expected that the glaring

discrepancy just adverted to will be abolished by any
amount of future research.

The system of 8 Cephei is transported towards the sun
at the rate of 8-7 miles a second. Its visible member gives

a spectrum of the solar type, but with some faint solar

lines widened and strengthened. All previously known
spectroscopic binaries, including the whole class of Algol-

variables (so far as their light has been examined), are
" white stars," and the rule was held to have some
significance as regards their history and development

;

hence, the discovery of an exception to it deserves note.

Delta Cephei is of a full yellow colour, and has an azure

companion at 41", the pair making a tinted combination
hardly inferior in beauty to /3 Cygni. It is unlikely to be

of a merely optical nature. Contrasted hues afford in

themselves a presumption of physical relationship ; and a

common proper motion, according to Mr. Burnham,
assures the reality of the tie. But its amount—less than
2" a century—is, perhaps, too minute to justify his

inference.

There is no longer any reason to doubt that all " short-

period variables " are really close binaries. Their spectro-

graphic study hence acquires exceptional importance, and
cannot fail to be eagerly pursued. Among the stars most
promising for investigation are v) Aquilfe, ? Geminorum,
and R Muscic. The last-named object is circumpolar at

the Cape ; and although it very slightly exceeds the limit

of naked-eye perception at maximum, its inferiority in

brightness may well be compensated by the wonderful

rapidity of its changes. They are finished in 21h. 20m.,
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the rise from 60 to 7'4 magnitude occupying nine, the

corresponding descent twelve hours and twenty minutes.

Spectroscopic motion may, then, here prove extremely

rapid. Nevertheless, since it represents only the pro-

jection upon the visual plane of the orbital velocity,

the verdict of experience as to its quantity in any particular

case cannot be anticipated, unless by a bare surmise.

Stars, indeed, presumably exist which, although judged by
analogy to be swiftly circulating binaries, will show no
trace of line-displacements, simply because their plane of

revolution is approximately perpendicular to the line of

sight. Such examples would be particularly instructive,

as illustrative of light-variation where eclipses could not,

by any contrivance of the imagination, be brought into

play.

Spectroscopic binaries fall into the three divisions ; of

eclipse-stars, of which eleven are now known ; variables

without an eclipse, such as /3 Lyrse and S Cephei ; and
stars of sensibly constant brightness, exemplified by

a Virginis and /3 Auriga. Not improbably, however, the

%ttttv.

nw 91 ,,,^,
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THE WINTER LIFE OF INSECTS-II.
By E. A. BuTLEE, B.A., B.Sc.

IN
our last paper we considered the manner in wbicli

the Coleoptera. or beetles, spend the winter. Turning
now to the Hymenoptera, we find insects whose
economy is of a totally difl'erent type. In one
section of this order, that which includes the bees,

wasps and ants, we come across the social organization

;

with this comes in care for the young, associated with a

large amount of division of labour, effected by the existence

of workers in addition to males and females. This special

economy is accompanied by peculiar arrangements for the

continuation of the species through the winter. Amongst
British bees, tlie only species that are social in habits are

the hive-bee and the humble bees. The former we may
neglect, as provision is made by man for its maintenance
and well-being ; but the latter, as they have to depend
upon their own exertions alone, will yield us good illustra-

tions of nature's methods. The economy of the humble
bees is somewhat like that of the social wasps, and differs

considerably from that of ants. In both humble bees

and wasps, it is the females, or queens, large, stout-bodied

insects, that survive the winter, the miles and workers
perishing. They are impregnated in autumn, but do not

produce eggs till the following sprint. During winter they

retire to some sort of shelter and become torpid. Mr.
F. Smith speaks of finding humble bees, not in their old

nests, but " in the accumulation of rubbish under clumps of

furze, in the dry rotten wood of decaying trees, under moss
in woods, and repeatedly under stacks of turf on commons."
These were all found singly, not in clusters together.

With wasps the case is rather different, as an experience

of Mr. T. E. Billups will show. He was entomologizing
in January, some years ago, on Wimbledon Common, when
he saw three queen wasps flying lazily about the remains
of a felled oak. On ripping off the bark in one place, he
found no less than thirty-eight more, all in a state of

torpidity, and huddled together as close as they could be
packed. But though torpid, they were not far gone in

their lethargy ; the warmth of the hand was suffi.;ieut to

restore thtm to activity. Ths wasps in this instance

were Ve.tpn t/ermanica, and they were accompanied in their

winter retreat by miny beetles of various kinds. Great
numbers of the same kind of wasp were once found
hybernating in a room used for storing furniture. The
goods were covered with blankets, and many of the wasps
were clinging to these; others had dug tneir mandibles
into the rough woodsvork of the room, thus supporting
themselves by their jaws, as if conscious thit their limbs
would become too benumbed during the cold weather to be

entirely trusted to.

Upon such hybernating females as these depends
entirely the establishment of new colonies the next year,

the population of each nest being the offspring of the
queen who founded it. Hence it follows that, with the
exception of the hybernating females, the wasps and
humble bees of any given year are not the same individuals

as those of the year before, and the nests of one year are

not those of the preceding. In this fact we tiad the
explanation of the great variation in the numbers of wasps
that marks different seasons. One yeir they will swarm
to such an extent as to become an intolerable nuisance,
while, perhaps, the next year very few will be seen any-
where about. The numbers must largely depend upon
how many impregnated females manage to survive the
vicissitudes of winter, since the death of each single female
will mean the prevention of the birth of a whole nestful,

which may reach a total of some hundreds. And, as

prevention is better than cure, it should be remembered
that prowling wasps seen in early spring are these very
queens, which are even then beginning to bestir themselves
about the foundation of their annual brood ; hence the
destruction ol one of these is equivalent to cutting off

a whole army in the summer-time.
With ants the case is difl'erent. Here the workers

hybernate as well as the females, and therefore the nests
are more correctly to be described as perennial than annual.
The males appear, usually, to die in the autumn, shortly
after pairing ; but this is not universally the case, for Sir

John Lubbock records having kept some males of the red
ant [Mi/nnicn ru/finodis) from the month of August, when
they were hatched, till the following spring, one of them
even living on till the middle of May. However, the usual

occupants of the nest in winter would be workers and
females, and hence the ants of these sorts met with in one
season are in many cases the same individuals as those
that were to be seen the year before, though the males
would probably, as a rule, be different ones. Of course, in

addition to these, new members belonging to all the
divisions are hatched each year. It need hardly be
mentioned that ants, unlike bees and wasps, hybernate in

their own nests.

Turning now to the order Lspidoptera, or butterflies and
moths, we find a still greater variety of habit. If there
is one creature that, more than another is mentally asso-

ciated with sunshine and summer skies, it is the " gilded
butterfly," and yet, warrantable as such association for the
most part is, this is the very order in which, if we take it

all round, we find the most numerous examples of activity

during the winter. It is true that a very large proportion
of the species belonging to this group are quiescent in

the winter in one or other of their stages, but yet, as if on
purpose to supply the proverbial exception to the rule,

there are some that actually choose the winter months as

the time of their emergence as perfect insects, and indeed
as their sole time of existence in that form. Thus we
have the November moth ( Oporahia dilutata), a thin-

winged, slight-bodied, grey insect, the colour of whose
wings is a good match to the cloudy skies that characterize

the month of its introduction to the world as a flying

creature ; the winter moth [Cheimatibia bnimata), a warmer
coloured, ihougU equally fragile little moth, whose brown
fore-wings, like the grey ones of its predecessor, are

crossed by a number of delicate wavy
lines ; the early moth (Hi/beniia ruin-

capraria), a larger, though equally fragile

insect, which derives its name from its

habit of appearing during the first two
months of the year; the spring usher
{llijberma leucopbearia), a very pretty

insect which appears a little later, but is

still only a harbinger of spring ; and
several others of the same type. It is a

noteworthy fact that the majority of these

winter moths have, so to speak, effected an aWa) ; natural"5izc.

economy in wing miterial, in th it their

femiles are either quite destitute of wings (Fig. 1), or

have them reduced to such ridiculously small dimensions

as to be quite useless for flight. The males, on the other

hind, have ample, though very weak, wings. The females

thus run little risk of becoming the sport of tempestuous
winter winds, and are enabled to cling to the twigs of the

food-plant and perform their maternal duties independently

of weather.

The above insects all belong to the section called

geometric moths or loopers, in allusion to the curious

arched position taken by the caterpillars in walking, a

Fig. 1.—Wing-
less Female ol

Mottled Umber
( Ui/bernia defoli-
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position necessitated by the reduction of the number of

their claspers from five pairs to two. Turning to another

section, the hairy and thick-bodied moths called Bombyces,
•we find two species, externally very like their congeners,

but diti'ering in emerging during the winter months.
These are called the small egger (Enni/iister lanestris), and
the December moth {Pircilncnmpa pojnili). The former

appears in February, and the latter in November and
December, the normal time being these months in the

winter following the summer of their larval existence.

But the date of their exit from the cocoon is extremely

uncertain, and their appearance is often delayed for two or

three years. It is a well-known fact that an increased

temperature may result in the more speedy development
of a lepidopterous insect when it is in the pupa state, and
advantage is taken of this fact by collectors who " force

"

species to emerge at unusual times. Hence one might
readily conclude that a lowering of temperature would
have a retarding effect, and that, therefore, such retardations

as just mentioned might take place in consequence of an

exceptionally severe winter. But that conditions of

weather are not wholly responsible for such freaks is

evidenced in two ways : first, that the warmth of summer,
which, however unfavourable the weather may be, will be

certainly higher than that of exceptionally severe winters,

does not cause an emergence, but if the insect does not

come out during the first winter, it waits till the next

comes round ; and second, that different members of the

same batch, which all pupated at the same time, and have
all been exposed to the same conditions of temperature,

emerge at very different times, some during the first

winter, others during the next, and so on.

Amongst the Noctuae, or ordinary thick-bodied moths,

there are many species, notably those of the genus Tienio-

rawjiii, that complete their pupal development just at the

end of winter, and so appear as perfect insects at the com-
mencement of spring, when they become noted visitors at

the catkins of the sallows, which are just then in season.

These, though hardly to be classed as winter moths, serve

as the connecting link between the truly winter species

and the long series of forms that emerge in unbroken
succession during the latter part of spring and the whole
of summer; and, further, they serve to emphasize the

variety that exists in this order in the time of occurrence

of the chief changes in the life of the insect. Amongst the

smaller moths there is a pretty little greyish species called

Diurnra /(ujdla, which must also be ranked amongst those

that assume the perfect form in winter. It is a narrow-
winged insect, which, when resting on tree-trunks looks

much like a little scrap of lichen, and it is one of the

earliest heralds of the new year, enlivening the yet leafless

woods with its short and rather weak flights.

But a warm day in winter may be enlivened by the

appearance of other lepidopterous insects than those that

actually acquire the winged form at that season, and never
live to see the brightness of summer suns. Several species

hybernate as perfect insects, and
a particularly warm day may

^^^^^ /^^^^L entice these from their retreats.

^^^^K^^L^^^^^g Amongst our buttcrtlies there

^^^^^K^^^^^^ ^I'e two species that must speci-

^^^^^^^^^^^ ally be mentioned in this con-

l^^^VV^^^^P nection, the small tortoiseshell

l^^f ^i^V ( r^ojcs.srt Hrt/tw) (Fig. 2) and the

Fig. 2.-Snmll Tortoisoshcll brimstone [Gonrpteryx rkamni).

'B\xt\.er&y (^Tanesmnrfica). The former, one of the most
richly coloured of our British

butterflies, belongs to a section which is remarkable for

the dissimilarity in colouring that exists between the upper

and under sides of the wings. The reddish ground colour

of the upper surface passes through various shades from
almost scarlet, through deep orange to yellowish. This
reddish-orange background is strikingly relieved by angular
patches and spots of the deepest black, one of which is

bordered by a white patch at the tip of the fore-wing. A
brr ad black band at the hind margin is inlaid with a series

of exquisite blue crescents, and then beyond these there is

a chaste border of delicately mottled brown running out

into a blunt point or tail on each wing. Now, if we turn

the creature over on its back, we discover that the under
surface exhibits the same general pattern, but in much
duller tints, dirty blackish-brown and pale ochreous
being the prevailing ones. Like its brethren, this butterfly

rests with its wings closed over its back, and thus the

glowing brilliance of the upper surface is entirely hidden,

and nothing but the dulness of the under surface appears,

and this is so inconspicuous that it is quite possible to

look at the spot where the insect is resting, perched on
some twig, without becoming aware of its presence.

Hence the dulness of the under surface must be a valuable

means of protection to it, often enabling it, no doubt, to

escape the passing notice of hungry birds. Thus there is

no difficulty in understanding how, from the similarity of

their under colouration to that of dead leaves and dry

twigs or tree trunks, they can remain completely concealed

throughout the winter, and come out again in spring-time,

to complete their cycle of

existence. It follows, there- •.•„, ^,^
fore, that all the tortoiseshell '; ^'--. , ' ^
butterflies one sees in spring

or early summer are the same
individuals that were to be

met with during the autumn
of the preceding year, and
their antiquity is evidenced by

the dingy and worn condition yio
of their wings, so different

from the brilliance and perfect

symmetry of a newly-fledged

hybernate in houses or public

3.—Brimstone Butterflv

{fiouepferifx rham)ii).

individual,

buildings,

They often

and a sudden

accession of artificial warmth indoors, equally with

a natural rise of temperature out of doors, may at any
time call them out into premature activity.

With the brimstone butterfly the case is somewhat
different. This insect (Fig. 3) is almost entirely of a

bright sulphur colour above, and the under surface is

almost the same, the only difference being that it is a little

paler. It rests with wings closed as usual, but this, of

course, does not make much difference to its colour. The
pale greenish -yellow of the under side serves admirably to

conceal the insect amongst the (irecn foliage of summer-
time, but it seems at first sight difficult to understand how
it can be otherwise than most conspicuous in winter, when
there is such an absence of light-green leaves. But,

accordmg to Bossier and De Selys-Longchamps, they

hybernate amongst fallen leaves ; and as, in sheltei'ed

places, these often retain their colour

for some time, the colour difficulty is,

perhaps, less than might have been

imagined. They have also been found

in cracks in the ground, sometimes at

a considerable depth. Both sexes of

these two butterflies live through the

winter. The eggs are laid in April and
May, and, according to Dr. Chap-
man, fertilization takes place, at

only shortly before their deposition.

Fig. 4.— Herald
Motli (

Qoiwpiera
h'hafri.i'\

least

Thus
sometimes,

we see that these two butterflies—and the case
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Fig. 5.—Egg Bracelet of Lackey Moth (S.

neusiria) round a Hawthorn Twig; magnified
two diameters.

of several moths is parallel—conduct their operations

upon a diflferent plan from that followed by bees and

wasps, in which fertilization takes place during the autumn,

and only the females survive the winter, to lay their

eggs in the spring. Amongst moths, two of the best-known

instances of hybernation in the perfect state are those of

the humming-bird moth {Miirntiihss(( stellatarum) and the

herald moth [Gonoptem libatrix) (Fig. 4), both of which

may be met with in houses or barns, and the latter some-

times under tunnels and bridges, or in caves.

Some Lepidoptera pass the winter in the egg state,

and one of the most remarkable is the lackey moth
{Bomhij.r rifu.stria). This insect, though a close ally of the

small egger, has a very different life-history. The female

lays her eggs while the leaves are still on the trees, but

does not attach them to the leaves as most moths would do,

but glues them firmly round a twig in the form of a

complete bracelet (Fig. 5). If attached to the leaves, they

would run great

risk of being

ruined when the

leaves fall, but

by being firmly

cemented to the

twigs, they are

able to resist all

the storms and
rains of winter,

and produce their brood when the next crop of leaves is

ready for them. Many species hybernate as larvas, some
of them when quite young and small, and others when
nearly full-grown. Some construct a roof of silk for their

protection in company, while others retire into crevices,

or under leaves or stones, and there rest solitary. A
very large number of species rest through the winter in

that condition which is evidently specially related to the

occurrence in nature of an interval during which there

is an absence of vegetable food, viz., the chrysalis state,

the break in animal activity thus coinciding with that in

vegetable growth.

So little is known of the life-history of the great host of

two-winged flies, or Diptera, that inhabit these islands,

that it is scarcely possible to do more than speculate as to

the way in which most of them pass the winter. Some
certainly hybernate as perfect insects, and an extra warm
day will call them forth from their hiding-places, but their

vivacity is far inferior to what it is in summer-time. This,

at least, applies to the heavier-bodied flies. But there are

some species of gnat-like flies whose special time of

appearance is mid-winter. Such is Trichicera hiemaUs,

the so-called winter-midge, the dancing swarms of which
may often be seen enjoying themselves in the air when the

temperature is sufficiently high. According to the Rev.

A. E. Eaton, a temperature of a few degrees above freezing

point drives them to their retreats under boards, etc., but

it need not rise to more than seven or eight degrees

Centigrade for them to congregate in swarms and perform
their aerial gyrations.

Amongst the Ilemiptera it is certain that very many
hybernate in the perfect form, and hence those specimens
that are to be found in the early months of one season are

the same as those that first appeared as perfect insects in

the preceding autumn. Hence, during each year, two
perfectly distinct sets of individuals put in an appearance.

Even those that are aquatic, to some extent, adopt similar

habits. The water-skaters {(.im-it:) (Fig. (>) will even leave

the water and in some way, either by jerking themselves
along on their stilt-like legs, or by flight, escape to a

considerable distance from their native pond, and go

7%

into winter quarters amongst low herbage, moss, etc.

The skaters that one sees in spring and early summer,
therefore, are last year's insects, and
their descendants of the next generation

begin to appear while their parents are

still alive, so that both generations may
be met with simultaneously, and on the

same pond. As so very little is known of

the life-history of this order of insects, it is p^^ ^ _ ^j,f^^.^^

scarcely possible to say anything more si<ater {Oerris

definite about them. How, when, and lacustris).

where they lay their eggs—these are

questions to which, in most cases, no definite answer can

be given.

It is a most unusual thing for such an insect as a dragon-

fly to pass the winter in the perfect condition. According

to Mr. McLachlau, only one species is known to hybernate,

and that is not a British one. It belongs to the thin-

bodied section, and is found in France. It remains con-

cealed amongst heather during the cold weather, coming
out and flying about whenever the sun is bright enough.

Of the Orthoptera, space will not permit us to say more
than that the common earwig may be found at any time

during the winter, in hiding, but always ready to start

into activity, and that a small kind of grasshopper was on
one occasion found hyberuating contrary to custom.

Finally, we may note that to hyberuating insects, in

whatever condition they may be, the greatest enemy does

not seem to be cold. After a severe winter, insects are

often much more plentiful than after a mild one, and the

explanation seems to be that while they can stand a con-

siderable reduction of temperature without damage, the

milder weather, which is usually also damp, encourages

the growth of mould, one of the greatest enemies of

quiescent insects, and keeps insectivorous creatures more
active than they would otherwise be.

Koticts of Boofes.

Popular Astronomy. ByCamille Flammarion. Translated

from the French by .J. Ellard Gore, F.R.A.S., etc. Pp. 679.

(Chatto & Windus.) When a work has reached a sale of

more than one hundred thousand copies, it is late in the

day to discuss its merits. Flammarion's " Astronomie

populaire " attained that distinguished place among
scientific works some time ago, and its excellence obtained

for the author the Montyon prize of the Paris Academy,

as well as other honours. Few translations, however,

are very successful, not so much because of the translators'

imperfect renderings of the originals, but because the

eloquent expressions which make an attractive pabulum
for readers of one nationality do not appeal to a public

used to another and a foreign idiom. M. Flammarion's

power to write in very popular language is undoubted

;

he is gifted with a vivid imagination, which he uses with

due regard to facts. But when we come to read this

translation of his most successful work, we confess that

much of the writing which appears so sublime to French

readers approaches the ridiculous when dressed in our

sober English garb. It is too flowery, too florid

altogether, to be read with pleasure. However, the fault

does not lie with Mr. Gore, who has translated the work

into as readable English as the original idioms permitted.

Here and there he adds notes of his own, and in a few

cases these are, perhaps, a little too numerous. The
following interpolations, for instance, on page 79, makes

the text look very strange:—"We have already seen
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twenty-five stars blazing out in the sky with a spasmodic

gleam, and relapsing to an extinction bordering on death

[the number of u-ell-authenticated cases of ' temporary

stars ' is much less than twenty-five.—J. E. G.] ; already

bright stars observed by our fathers have disappeared from

the maps of the sky [that any bn)/lit stars have really

disappeared is very doubtful.—J. E. G.] ; a great

number of red stars have entered on their period of

extinction [that red stars are really cooling down is

now a disputed question.—J. E. G.] " Putting aside these

minor blemishes, we regard Mr. Gore's translation as a

decided acquisition to our astronomical literature. No
popular book on general astronomy in the English

language is better illustrated, and none offer easier or

more interesting reading.

A Student's Text-book of Botany. By Prof. S. H. Vines,

M.A., D.Sc, F.R.S. Pp. 821." (Swan Sonnenschein &
Co.) Students of botany have for some time been looking

forward to the completion of this valuable test-book, which,

though based upon Prof. Prantl's " Lehrbuch der Botanik,"

is much more extensive in its scope and treatment. The
work is hardly suitable for beginners, but advanced students

of botany, who are not afraid of new terms, and who want

to know the chief important results of modern botanical

researches, will fiod that Prof. Vines has admirably supplied

their need. Tlie morphology of plants forms the subject

of the first part of the worli, and this leads to Part II..

in which the intimate structure of plants (Anatomy and
Histology) is studied. In the third part, the classification

of plants is dealt with, the four groups, Thallophyta,

Bryophyta, Pteridophyta and Phaneropamia, with their

different classes, being taken in order. Finally, the physi-

ology of plants is treated in Part IV. There are nearly

five hundred illustrations in the book, but few of them are

new. Notwithstanding this, the volume, taken as a whole,

will certainly rank high among the best and most compi-e-

hensive English manuals of botany.

Mechanics : an Elementary Text-Book, Theoretical and

Practical, for CoUeycs and Schools. By R. T. Glazebrook,

M.A., F.R.S. (Cambridge : University Press.) This text-

book, belonging to the physical series of Cambridge Science

Manuals, is published in two separate parts, dealing

respectively with dynamics and statics. It differs from

most books on met'hanics in the fact that a larger share of

attention is given to descriptions of experiments to be

performed by the students themselves. Only by such

practical work can a scientific knowledge of the funda-

mental principles of the subject be obtained. Most of the

apparatus for the experiments is simple, and much of it can

b'3 easily constructed by the pupils. Whenever possible,

theoretical consequences are deduced froan the results of

the experiments These are the right lines to work upon,

and the more books in which this scientific method is

followed, the greater will be the advancement of natural

knowlec^ge. We cordially commend Mr. Glazebrook's

volumes to the notice of tecchers.

An Elementary Text-Book of Hydrostatics. By W. Briegs,

M.A., F.C.S., and G. H. Bryan, M.A. Pp. 201. (Uni-

versity Correspondence College Press.) Students working

up for the matriculation examination of the London
University, could not have a more suitable text-book for

the portions of hydrostatics and pneumatics included in it

than is given in this volume. The descriptions are concise,

the illustrations are instructive, and the examples are

numerous and well-chosen. At the same time the book

is not a mere means for "cramming," but a good and
accurate volume in which results are scientifically

deduced from first principles,

The Story of the Stars. By G. F. Chambers, F.R.A.S.
Pp. 166. (George Newnes, Ltd.) Mr. Chambers has
contrived to compress a mass of information on all branches

of sidereal astronomy into a very small compass. He tells

his story simply, and in a manner that should be acceptable

to general readers, while amateur astronomers will find

the book a handy and valuable record of what is known in

many departments of celestial science.

Nemarkable Comets. By W. Thynne Lynn. Third edition,

pp. 42. (Edward Stanford.) We are glad to see the

third edition of Mr. Lynn's little brochure on interesting

comets. For the modest sum of sixpence, this slender

treatise provides a trustworthy account of all comets of

note in astronomical history. To know the contents

of the book is to have a liberal education in cometary

matters.

BOOKS RECEIVED.

Practical Microscopi/. Bv George E. Daris, F.R.M.S., F.I.C.

Third Kdition. Illustrated. '(W. 11. Allen & Co.) 7s. 6d.

Annual Ripnt-f, of tie Smilhsnnian Institution for the yenr ending

June 3"th, 1893. (QoTernment Printing Office, \\ aihington.)

Illustrate i.

Chemical Analtisis of Oih, Faty. Waxes. From the German of

Prof. Dr R Benedikt ; revied and enlarged by Dr. T. Lcwkowitsch.
(.Macmillan.) 2 s. net. lilu-trated.

3IoUusrs and Brarhiopods fRecent and Fossil). Bv Rev. A H.
Cooke, M..A., A. E. feliiplev, M.A., and F. R, C. 'Re.d, M.A.
(Macmillan.) 17s. net. Illustrated.

A Heindhook of Si/stemitic Bntani/. By Dr. E. Warming.
(Fungi by Dr. K. Knohlanch.) Translated by M. C. Potter, M.A.
(Swan Sonnenschein & Co.) ISs. lUus rated.

Allen's N'llu'-a'int's L'hrary : A Handbook to the Carnirora.

Pfirt I. By Richard Lydekker, B.A., F.R.ri. (W. II. Allen & Co.)

Cs. Illustrated.

Short Studies in ynture Knowledge. By William Gee.
(Macmillan.) 3s. 6d. Illustrated.

Wayside and Wnodland Blossoms. By Edward Step. Illustrated

7s. 6d. (Warne & Co.)

Bain. Bivc and Mcaporaiion Ohs^rcations made in New South

Wales during ISd'i. By H. L', Russell, B. A., &c. (Sydney; Charles

Potter.) as 6J.

Meteorological, Magnetical and Solar Obsercaiions during 1894.

By Rev. W. Sidgieaves.

We understand that the Rev. W. Sidgreaves has several surplus

copies of this book, and he has kindly said that they are at cue

disposal of the subscribers to Knowledge. Readers who are

desirous of accep ing this kind offer should communicate to the

Knowledge Office.

Transactions of the Astronomical Society of Toronto for 1894.

(Toronto : Rowsell it Hutchison.) 1 dollar.

Proceedings of Societi/ for Psychical Research : March. (Kegan
Paul.) 23. iSd.

Bradshnic's Dictionary cf Health Resorts. (Kegan Paul.) 3s. 6d.

The Royal Natural Historii. Edited bv Richard Lydekker, F.R.S.

(Warue.) Is, Vol. III., Part 18.

THE BALTIC STREAM.

By RicHAJiD Beyxon.

HYDROGRAPHICAL research presents few more
interesting problems than those connected with

the Baltic Sea and its approaches. Until quite

recently this vast land-locked sea was one of

mystery to the student of oceanic lore. Even
now the British shipmaster is advised that he must not

place implicit reliance upon the soundings and current

data which are laid down for his assistance when
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navigating this dangerous seaway, and its no less perilous

offsets.

Kouglily speaking, the Baltic Sea may be regarded as a

series of submarine pUteaux. hollows and channels,

separated by shallow ridges. In some of these deeper

depressions or pools there is little, if any, circulation of

the water. Over the shallow ridges, however, there is

abundance of movement, and that, toi, of a most complex

character ; for over these the incoming waters from the

North Sea and the outflowing waters from the Baltic

must flow.

The rivers which pour their tributary waters into this

sea are numerous. Tuere is in addition a copious rainfall

upon its surface, and, as may be imagined from the

general climatic conditions which obtain over the Baltic

area, the evaporation is by no means great. Tuere is thus

an excess of supply over evaporation. Tue surplus resultant

finds its way into the North Sea through the channels

already alluded to, and by the same means of communica-
tion m'lst enter the warmer and salter currents from the

adjoining German Ocean. It is this minghng of the

waters which is accountable for the ground, anchor, or

pancake ice of the Baltic and its connections.

The Baltic stream, as the outflowing waters are styled, is

thus a creep of colder and fresher water than that which
obtains in the adjacent ocean. In winter the rivers are ice-

bound and the flow of the stream diminishes. Iq February
or March, when the advent of warmer weather releases the

waters of the icebound streams, the flow assumes again its

normal proportions.

This superposition of layers of water of different

densities and different temperature plays, duriag the

winter months, an important part in the production of

what is, in some cases at least, erroneously termed ground
ice. Tiie phenomenon of ground ice is no recent discovery.

Long ago it was matter of pretty common observation

that, under certain circumstances, ice was formed at the

bottom of sheets of water, more especially of rivers. The
explanation as to the formation of this variety of ground
ice is a simple one. It is well known that running water
does not freeze so readily as that which is stUl, so that it

is quite possible, by reason of the constant movement
among the particles cf water in a rapidly flowing stream,

that the temperature of this water may be reduced con-

siderably below the freezing point before ice is formed.

It is easy to imagine water in this condition transferred,

by the mechanical action of an on moving stream, from
surface to river bed. Here, at the bottom, ice is formed
owing to the greater stillness of the water, and the fact

that rocks, stones, and shingle ofl'er so many points upon
which the water can freeze. An increase in the bulk of

this ice, or the raising of the temperature, and the conse-

quent reducing of the density of the water flowing over it

ensures that the buoyancy of the ice asserts itself, and the

subaqueous formed ice floats upon the surface. Such ice

always carries with it the marks of its ground origin in

the shape of the stones, gravel, mud or weeds which are

frozen into its under surface.

The so-called ground ice of the Baltic is not of this

type. It is more analogous to that which came under the
observation of Captain Scoresby and other early Aixtic

navigators. They reported ice as observed in the very act

of rising to the surface from the depths of the sea, at

considerable distances from the Greenland coast. Cakes of

.this ice, when carefully examined, show no siga of earthy

contact on their under side. It is really sea ice crystallized

not on the surface of the sea, but in it.

The suggestion that sea ice in the Polar regions or the

Baltic Sea should be formed anywhere but at the surface

was at one time looked upon with open disbelief. The
main diffii^uUy in the way of accepting what at first seems
so contradictory a phenomenon lies in the fact that with

fresh water the point of greatest density is reached some
seven degrees sooner than the freezing point. Thus, in

ponds and lakes where the conditions are normal, the

coldest water after 39' Fahr., the temperature of the point

of maximum density, has been passed will be the lightest,

and hence surface-freezing ; but these conditions are not

applicable to the crystalUzation of fresh or salt water

under all circumstances.

Perhaps the Baltic Sea and its offsets furnish the best

and most interesting example of the so-called ground ice

of the sea, upon a big scale. The freezing point of the

water composing the Baltic stream is, of course, hiijher

than that of the Salter water which flows into the Baltic,

mainly as an under-current from the North Saa. The
temperature of this underlying stratum may be below the

freezing point of the fresher water which is superiacum-

bent to it. When this is so it is easy to suppose the

fresher water, chilled by contact with a keen and nipping

air to its point of maximum density, sinking slowly down-

wards to the colder and Salter stratum beneath. Here
the temperature is such that it is speedUy reduced to the

freezing point, and cakes of ice are actually formed at the

point of contact of the two layers of water. Of course, the

formation of ice in this manner in the intermediate layers

of the sea is influenced also by the eddies which the

mixing of such currents as these must produce.

The winter of 1892-3 will long be remembered on account

of the damage inflicted by ice upon shipping in the Baltic

and i:s approaches. Large and staunch vessels were

prevented from proceeding by the rapidly formed and

erroneously named ground ice. The cakes of ice no sooner

reached the surface than the process of regelation cemented

the fragmentary ice into a compact field. Fishermen,

plying their necessary calling at no great distance from the

shore, saw the clear belt of water become quickly covered

with an ever-growing expanse of ice which cut off all

chance of navigating their %-essels to land. Iq many cases

the pack in which the fishers' boats, the sailing craft, or

the smaller steamers became involved, drifted out to sea,

where the vessels were crushed, their occupants perishing

miserably.

5omt iicccut patents.

J. Gr. Stidder, Croydon. Ai improved method of for ning the

joints of pipe* f jr steam, water, and other fluids. Figs. 1 and ^show

the ins-, ntion, in elevation and section, a is ne end of a socket into

which the pipe b is screwed, c is an annular rece-s formed in the

socket, in which a ring of a>be-tos. copper lead, rubber, cord, or other

suitable material d is inserted, with or without the addition of red

lead and the like, as rec^iired. e is a screw collar or back nut, also

formed with an annular recess and a projection/ whicti enters the

recess in a, a short d -tance. The back nut is screwed up until the

joint ii perfectlv fluid tight.

Four fiffui-ei'. Dated 2ofh April. 1S94. Accepted 2nd March.

1895. yo. 802 J.

fuj 1 n^ 2
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W. Connell, Glasgow. ImprOTements in apparatus for regulating

fanlights and skrlights. The drawing renders the invention verv
clear. o is a toothed raelc, with deep teeth, pivoted to the frame of

the window, i is a bracket fixed to tlie window, one of the eheoks
of the bracket being shown broken off, to csijose to view the pinion c,

having two teeth onlv. The pinion niav be revolved by a pulley and
cord as shown, and thus made to travel along the rack, earrving the
\< indow with it. d is a small guide pulley, and e is a guard, both
attached to the bracket b.

Dated 2Sl/i April, 1894. Accepted 2nd March, 1895. No. S-153.

S. F. Pichler, London. Improvements in or relating to plating or

covering articles with metal. Tlie inventor says :
" I take liquid

collodion or analogous compound, and, after thinning the same (if

necessary) with alcohol and ether, I mix therewith powdered
aluminium, aluminium bronze, silver, gold, or other powdered metal."

He then proceeds to show the methods of applying the metals to

the purposes of tipping cigars, cigarettes, and the like, to jjrevent the
lips coming in contact with the leaf or paper, the covering being
perfectly tasteless ; forming a hard yet cellular mouthpiece, and
preventing the tobacco becoming loose and entering the mouth. Also
photographic reproductions affixed to glass may be covered with the
mixture, instead of white paper, im}3arting thereto a brilliant appear-
ance. Also for capsuling bottles, and many other obvious applications,

the plating being air and water proof, and also proof against sulphuric
and nitric acids.

Dated \Oth May, 1894. Accepted \%th March, 1895. No. 9261.

THE FACE OF THE SKY FOR MAY.
By Herbebt Sadler, F.R.A.S.

SPOTS and faculae are still visible in considerable

numbers on the solar disc. Algol is too low on
the northern sky for minima to be conveniently

observed.

Mercury is in superior conjunction with the Sun
on the 5th, and is too near that luminary to be conveniently

observed until the middle of the month. On the 14th he
sets at 8h. 62tn. p.m., or lb. 12m. after the Sun, with a

northern declination of 22° 31', and an apparent diameter
of .5-4", i^/jjths of the disc being illuminated. On the

17th he sets at 9h. 14m. p.m., or Ih. 30m. after the Sun,
with a northern declination of 23° 52', and an apparent
diameter of 5 6 ", y^ths of the disc being illuminated. On
the 22nd he sets at 9h. 44m. p.m., or Ih. 52m. after the

Sun, with a northern declination of 25" 15', and an
apparent diameter of 0'2'', -/fj^l^s of the disc being illu-

minated. On the 31st he sets at lOh. 8m. p.m., or 2h. 5m.
after the Sun, with a northern declination of 25° 25', and
an apparent diameter of 7'4 ", -,\,?pths of the disc being
illuminated. While visible he describes a direct path
through Taurus into Gemini, being north of rj and
u. Geminorum at the end of the month.
Venus is an evening star, and is the brightest object

in the evening sky. On the 1st she sets at lOh. 47m. p.m.,

with a northern declination of 24° 13', and an apparent
diameter of 13-4", Vggths of the disc being illuminated.

On the 11th she sets at lib. 7m. p.m., or 3h. 30m. after

the Sun, with a northern decUnation of 25° 25', and an
apparent diameter of 14-2 ', tVo^^^ o^ ^^^ ^^^^ being illu-

minated. On the 21st she sets at llh. I8m. p.m., with a

northern declination of 25° 19', and an apparent diameter
of 15-2", Tgy'is of the disc being illuminated. On the

31st she sets at llh. 19m. p.m., with a northern declination

of 24° 4', and an apparent diameter of 16-2", ^'y'gths of

the disc being illuminated. During May, Venus passes

from Taurus into Gemini, being near the 3rd magnitude
star £ Geminorum on the 19th and 20th.

Mars is, for all practical purposes, invisible.

Jupiter is an evening star, but is so rapidly approaching
the west that our ephemeris of him extends to the tirst three

weeks of May only. On the 1st he sets at llh. 58m. p.m.,

with a northern declination of 23° 28', and an apparent
equatorial diameter of 83'9". On the 11th he sets at

llh. 22m. P.M., with a northern declination of 28° 26', and
an apparent equatorial diameter of 38-0". On the 21st

he sets at lOh. 50m. p.m., with a northern declination of

28° 21', and an apparent equatorial diameter of 32|''.

The following phenomena of the satellites occur while the

planet is more than 8° above and the Sun 8° below the

horizon. On the 5th a transit egress of the shadow of

the third satellite at lOh. 18m. p.m. On the 7th an
occultation disappearance of the first satellite at 9h. Om.
p.m. On the 8th a transit egress of the first satellite at

8h. 34m. p.m., and a transit egress of its shadow at

9h. 31m. p.m. On the 10th a transit egress of the second

satellite at 8h. 4Sm. p.m. On the 15th a transit ingress of

the shadow of the first satellite at 9h. 8m. p.m. On the

17th a transit ingress of the second satellite at 8h. 54m,
p.m. On the 22nd a transit ingress of the fourth satelUte at

9h. 18m. P.M. During May, Jupiter describes a direct path

in Gemini, to the east of |ix. Geminorum.
Saturn is an evening star, and is well situated for obser-

vation, though his altitude above the horizon is not large.

He rises on the 1st at 6h. 20m. p.m., with a southern

declination of 10° 5', and an apparent equatorial diameter

of 19" (the major axis of the ring-system being 43^" in

diameter, and the minor \2f). On the 7th he rises at

5h. 52m. P.M., with a southern declination of 9° 57', and
an apparent equatorial diameter of 19" (the major axis of

the ring-system being 43 j'' in diameter, and the minor
125"). On the 14th he rises at 5h. 22m. p.m., with a

southern declination of 9° 47', and an apparent equatorial

diameter of 18|" (the major axis of the ring-system being

84f" in diameter, and the minor 12V'). On the 21st he

rises at 4h. 52m. p.m., with a soutbern declination of

9° 39', and an apparent equatorial diameter of 18|" (the

major axis of the ring-system being 43'0 " in diameter, and

the minor 12^"). On the 81st he rises at 4h. 10m. p.m.,

with a southern declination of 9° 29', and an apparent

diameter of 18i" (the major axis of the ring-system being

42|" in diameter, and the minor 120"). Titan is at his

greatest eastern elongation at 4h. p.m. on the 1st, and l^h.

P.M. on the 17th ; and lapetus at greatest eastern elongation
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on the 13th, and in inferior conjunction on the 81st.

During May, Saturn pursues a short retrograde path in

Virgo, being less than \° north of the 4th[magnitnde star k

Virginis on the 4th, and within 10' of the 7th magnitude
star 96 Virginis on the 19th.

Uranus is an evening star, but owing to his great

southern declination he is not very well placed for

observation. On the 1st he rises at 7h. 50ni. p.ji., with a

southern declination of 16° 56', and an apparent diameter

of 3'8 '. On the 31st he rises at oh. 45m. p.m., with a

southern declination of 16° 35'. He is in opposition on
the 8th, at a distance from the earth of about 164'2J

millions of miles. During May Uranus pursues a short

retrograde path in Libra, without approaching any naked-

eye star.

Neptune has left us for the season.

There are no very well marked showers of shooting

stars hi May.
The Moon enters her first quarter at 3h. 44m. a.m. on

the 2nd ; is full at llh. 59m. p.m. on the 8th ; enters her

last quarter at 5h. 44m. p.m. on the 16th; is new at

Oh. 46m. P.M. on the 24th ; and enters her first quarter

at 8h. 48m. a.m. on the 31st. She is in perigee at lOh.

A.M. on the 4th (distance from the earth 229,070 miles) ;

in apogee at 8h. p.m. on the 16th (distance from the earth

251,030 miles); and in perigee again on the 29th (distance

from the earth 229,320 miles). At 7h. 50m. p.m. on the
4th the 5th magnitude star r Leonis will disappear at an
angle of 120°, and reappear at 9h. Om. p.m. at an angle of

315°. At 7h. 38m. p.m. on the 6th the 6th magnitude
star 49 Virginis will make a near approach at an angle of

216 ; and at Sh. Om. p.m. the 6th magnitude star 50 Virginis

will make a near approach at an angle of 37°. At 3h. 42m.
A.M. t)n the 8th the 6th magnitude star B.A.C. 4722 will

disappear at an angle of 4U, and reappear at 4h. 4m. a.m.

at an angle of , the star being below the horizon of

Greenwich. At 91i. 21m. p.m. on the 9th the 6th magnitude
star 4 Scorpii will make a near approach at an angle of

204 , and at lOh. 15m. p.m. the 3rd magnitude star

TT Scorpii will disappear at an angle of 77°, and reappear
at llh. 14m. p.m. at an angle of 828'. At 3h. 11m. a.m.

on the 12th the 4th magnitude star /^ Sagittarii will

disappear at an angle of 148°, and reappear at 3h. 50m.
A.M. at an angle of 205°. At 2h. 29m. a.m. on the 17th
the 6th magnitude star 45 Aquarii will disappear at an
angle of 79 , and reappear at 3h. 40m. a.m. at an angle of
226°. At lOh. 54m. p.m. on the 30th the 6th magnitude
star 45 Leonis will disappear at an angle of 183 , and
reappear at llh. 20m. p.m. at an angle of 237°.

By 0. D. LooooK, B.A.Oxon.

Communications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Solution of April Problem.

(J. T. Blakemore.)

1. B to B5, and mates next move.

Correct Solutions received from N. Alliston, J.

M'Robert, A. E. \Yhitehouse, W. Willby, W. 0. Brigstocke,
E. W. Brook, F. V. Louis, A. Louis, H. S. Brandreth,
G. G. Beazley, Norman Reeve, W. W. Strickland.

Additional solution of March Problem (No. 2) from
J. M'Robert (too late to acknowledge last month; ; also of

the December Problems, from W. W. Strickland.

W. TF. Strickland.—We do not remember receiving your

solution of Signer Orsini's problem. Probably it was lost

in the post.

A. C. Challeiujer

.

—Thanks ; they are marked for insertion

next month.

Or. E. Ba rider.—Many thanks for enclosure.

PROBLEM.
By N. Alliston.

Black (1).

White (8).

White mates in three moves.

The inter- University Chess Match was played, as usual,

at the British Chess Club, in the boat-race week. Oxford

won by the odd game, their first success for six years.

The following was the score ;

—

OXFOED.
E. Lawton (C.C.C.)

P. W. Sergeant (Trinity)

H. G. W. Cooper (Oriel) 1

II. K. Bobbins (C.C.C.) 1

T. B. Collins (Ch.Ch.)

E. Ct. Spencer Churchill 1

(Magdalen)
H. Lake (Lincoln) 1

Cambeidoe.
P. Hart-Dyke (King's) 1

H. .J. Snowden (Queen's) 1

W. Naish (Emmanuel)
C. Varley (Christ's)

D. R. Fotheringham 1

(Queen's)

W. T. Qum (Caius)

J. B. Foster (Trinity)

We give below one of the best-played games in the

latcu ;—
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THE COINAGE OF THE GREEKS.

By G. F. Hill, M.A.

BY
a coin is usually understood a piece of precious

metal (as a rule gold, silver, or copper) of a size

and shape convenient for handling, and marked
with some stamp to' guarantee its genuineness

and save the trouble of continually calculating its

value. In the days before the invention of money,
exchange had been carried on by a process of barter, so

much of an article offered being exchanged against so much
of an article required. But it was naturally found convenient

to agree upon a medium having some intrinsic value, and

not liable to excessive fluctuations, which would always be

desirable, and would, therefore, be accepted at all times by

all parties. As early as the seventh century before Christ

in Asia Minor, and, perhaps, even earlier in the far East, it

was found that the most practicable medium was a precious

metal divisible into small quantities, each of which would
be equivalent in worth to comparatively large quantities of

other articles of commerce. In earlier times we find

various other things, more or less clumsy, employed as

measures of value. For instance, over a great part of the

world, the unit in terms of which other articles were

valued was the ox. A less bulky unit is the cowry-shell,

used even at the present day in some parts of Africa, where

the employment of metal for this purpose is impossible or

has not been thought of. The traces of such customs long

remained, being, perhaps, most marked in the conservative

Chinese Empire, where pieces of metal in the shape of

small knives or spades long continued to circulate, or in

Burma, where coins are still cast in imitation of shells.

Coinage then, properly speaking, begins with the use of

small pellets or lumps of metal of fixed weight ;
and that

these may be plainly stamped, they have to be of a

somewhat flattened form. This is the shape of the earliest

coins of Greece or Asia Minor which have come down to

us. The blank of metal, being placed (often in a heated

state) on an anvil, was struck with a stamp. A design let

into the anvil left its impression on the lower side of the

blank (generally called the obverse), while the upper (or

reverse) side was marked by the stamp. The latter instru-

ment was at first left undecorated (Fig. 1), but was after-

wards elaborated until the reverse design became nearly as

important as the obverse. The ancients seem to have

always used bronze for their dies, and as this soft material

easily wore out, the dies had constantly to be recut. The

result was an enormous variety in design, and it is rare to

find two ancient coins from the same die. Neither did

they use a collar to confine the metal, which, consequently,

was liable to spread irregularly in the striking, sometimes

to splitting-point. And the fact that the striking was done

by hand accounts for the frequent occurrence of what are

called double-struck coins, when the second blow brought

the stamp down in a different place' from the first, or the

coin had shifted between whiles on the anvil.

The fabric of Greek coins went through a steady process

of development. The earhest blanks were of a somewhat

dumpy oval shape—in fact, resembhng a bean in form.

But by the beginning of the fifth century a flatter and

rounder shape had become almost universal. The

impression made by the stamp, the head of which was

square or oblong, or a combination of two or more of these

shapes (see Fig. 1), now sank deep into the blank, and a

raised border was thus left round the design. With time

the depth of the ineuse decreased, and towards the end of

the fifth century we find the incuse square often replaced

by an incuse circle, or entirely disappearing. After about

890 B.C. it may be said to be almost entirely absent, save

when for some reason a few cities revived it on their issues

at a much later period. The stamp, however, which was

now generally circular, naturally continued to produce a

more or less concave field on the reverse of the piece. In

the third and second centuries the flattening and spreading

of the coins was carried still further, but never so far as

to destroy the strength and solidity of fabric which makes

a coin satisfactory to handle. The bronze coinage which

begins in the fourth century is, like the silver of earlier

times, thick and dumpy at first, but soon yields to the

general tendency and becomes flat and spread.

It is curious that the material used by the people to

whom the invention of money is attributed—the Lydians,

a wealthy and powerful race of Asia Minor—is neither

gold nor silver, but a mixture of the two. This mixture,

which is called electrum, was found in a natural state in

the district inhabited by them, and its adoption is there-

fore easily understood. Its value in relation to silver was

supposed to be about ten to one, while the proportional

value of gold to silver was in the less convenient ratio of

13i
; 1. As a matter of fact, modern analysis has proved

that the amount of gold in electrum coins varies very

considerably; but a rough proportion was probably

sufficient for the times. Electrum, however, was not
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found everywhere, and in the sixth century gold and silver

came into use— a change associated with the proverbial

name of Croesus the Lydian. The Greek cities of the

Asiatic coast and in Europe readily adopted the invention

of the Lydians, but the scarcity of gold in Europe almost

entirely limited the coinage of European Greece to silver.

Thus, while some of the Greek cities of Asia Minor
continued to coin electrum, silver was the metal
employed in the other cities of that continent and in

Europe. Gold was a monopoly of Persia until the end of

the fifth century. Although the ancients understood the

art of debasing and plating, the purity of their coinage

in these early times is remarkable. As to the other

metals, a very short notice must suffice. We hear of iron

coins in Sparta, and tin coins at one period in Syracuse
;

but none of these have come down to us. Bronze was
introduced in the fourth century, and remained the usual

metal for the smaller denommations. The increasing

wealth of the Greek cities now enabled them to issue gold,

and Philip II of Macedon (359-336 b.o.) and his son,

Alexander the Great (336-323 b.c), struck enormous
quantities of gold as well as silver coins. One other

metal, it is interesting to note, was used in the second
century by a few of the kings of the remote district of

Bactria (corresponding to south-western Turkestan), to

which the ambition of Alexander had carried the arms and
civilization of Greece. This was an alloy of copper and
nickel, in almost the same proportions as are employed by
several modern states. The discovery of " kupfernickel

"

in the eighteenth century was thus anticipated by some
two thousand years.

The unit of coinage was called the stater. As different

cities coined on different standards, this varied considerably

in weight. The question of standards, far from settled as

it is, cannot be discussed here. It must suffice to mention,
with regard to denominations, that the stater was divided

into two (exceptionally three) drachms, and the drachm into

six' (ihols. Larger denominations were the di-stater or
tetradrachm, the octadrachm, and the decadrachni, of four,

eight, and ten drachms respectively.

Tradition attributes the first striking of coins in Greece
proper to Pheidon, King of Argos; but what he actually

did in this direction is a subject of much dispute. We
may, however, be certain that coinage was first adopted in

Greece about the end of the seventh century. From
Greece proper, with the colonization of Italy and Sicily,

the art of coinage spread to the western Mediterranean in

the middle of the sixth century. The earliest Italian

coinage is of a peculiar fabric, the reverse design being the

same, or nearly the same, as the obverse, but represented
in intaglio (incuse) instead of in relief (Figs. 3 and 4). In
Sicily no such peculiarity is found.

Tlie fifth century witnessed the transition from archaism
to artistic perfection, from the stage in which the artist

produced a sometimes grotesque but always honest attempt
to represent his object, to that in which he obtained perfect

mastery over his material and tools. Owing to the dis-

appearance of the incuse square or circle, both sides of the

coin became flat, and the design on both stood out nearly

equally in high relief—a relief much too high from the

modern point of view, according to which, coins should be

flat and easily packed together. But to the height of the

relief is due much of the effect of ancient coins, which
present u^, in fact, with a sculptured design, not a flat

outlined pattern.

Although most states obeyed the general tendency, and
produced better executed work as time went on and skill

increased, it is noticeable that some of the greatest com-
mercial cities adhered to certain archaisms of style or

fabric, probably because the scope of their commercial
relations forbade any innovations which might damage the

genuine appearance of their money in the eyes of the less

civilized peoples with whom they traded. Thus the coins

of Athens (Fig. 6), the chief centre of Greek art, are rude
to excess in comparison with the contemporary productions

of other cities (Pig. 12,. And the important city of Cyzicus,

on the present Sea of Marmora, continued down to the

middle of the fourth century to put no design on the

reverses of its numerous electrum staters, the obverses

of which were, nevertheless, executed in the best style

(Fig. 14).

By the fourth century, the art of coinage had reached

its highest point. Nothing is more generally admired
than the famous " medallions " of Syracuse, struck in the

late fifth and early fourth centuries. These large

decadrachms, of which we give an example (Fig. 8), are

perhaps the most showy pieces of antiquity—indeed, it is

doubtful whether they circulated as ordinary coins, and
were not rather show pieces, or money struck for prizes.

The chariot and four, and the prize set of arms—helmet,

cuirass, shield, and greaves,—represented in the exergiU',

seem to bear out this latter opinion. The games to which
the type obviously refers may have been those instituted by
the Syracusans in the flush of their victory over the

Athenians on the Assinaros in b.c. 413. The main design,

however, had been anticipated more than sixty years before,

on a coin to which we shall have to refer on a later occasion.

Many of these medallions bear the names of the artists who
designed them—Kimon and Euainetos—names which
would otherwise have been totally forgotten, though their

work takes an easy place in the first rank. Fine as these

coins of Syracuse are, they are still only typical of a great

number of equally beautiful pieces struck, not only in

Sicily and South Italy (Figs. 9 and 10), but in widely

distant places such as Elis (Fig. 12) and Amphipolis in

Macedonia (Fig. 13).

The coins of the best period are successful because they
combine nobleness and simplicity of conception with
perfect execution. But from this time onwards the latter

qr.ality becomes ascendant, and as skill of hand is power-
less to produce good work unless the mind supplies good
ideas, towards the end of the fourth century the decline of

art in coins, as in all else, has thoroughly set in. The
influence of Philip and Alexander of Macedon was decisive,

not only in politics, but in all forms of human activity
;

and the personal element which they introduced became
dominant in art. The designs of coins had hitherto, as a

rule, been connected with subjects relating to the state as

a whole, its religion, its athletics or its commerce ; the

successors of Alexander used the royal prerogative of

coinage to commemorate themselves and their own interests.

Hence the beginning of portraiture. Philip and Alexander
themselves had adhered to religious or athletic types (Figs.

15—18) ; but the head of Heracles on the latter' s coins

(Fig. 18) was only an idealized representation of Alexander
conceived as Heracles. And his successors, going a step

further, put the portraits, first of Alexander, with some
divine attribute (Fig. 19), and then of themselves with

similar attributes (Fig. 20) or as human I'ulers, where
formerly only the gods, or at least impersonal subjects of

state-importance, had been seen. The name of the ruler,

with the epithet "king," also replaced the name of the

people, and the place of mintage was indicated, if at all,

only by a small symbol or initial letters in the field of the

coin. The imagination which characterized the earlier

designs is replaced by a realism which, it is true, produces

most marvellous representations of individual men, but

which is, nevertheless, equalled by the art of other countries,
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while the art of Greek coinage in the preceding period

stands unapproached. Some of the most striking of these

portraits were, strange to say, produced in the distant land

of Bactria, to which we have already referred (Fig. 22).

But the vast mass of Greek coinage from the third century

ceases to possess an interest anywhere approaching that of

earlier days. The types become formalized and stereotyped.

The great issues of Philip and Alexander (from the gold

coins of the former our own early British coins were by a

slow process of degeneration developed ) remained for some
time the chief currency of the ancient world. Next to them
for importance rank the issues of Lysimachus, King of

Thrace, of Athens and Rhodes, and of the Kings of Syria,

Pergamus and Egypt. But all alilre are less interesting to

the artist than to the minute historian who studies the

sequence of rulers and monetary magistrates. The work
is usually poor and hastily executed ; in fact the pieces

have almost ceased to be works of art, and are mechanically

reproduced. In time the influence of Rome begins to

be felt, to the destruction of whatever artistic purpose

lingers still. The Roman rulers struck coins (Fig. 21)

in the Asiatic provinces which bore, it is true, a type

relating to a religious subject (the cista or chest connected

with the mystic worship of the wine-god Dionysos, from

which the coins were called cistophori), but the coins

were no longer closely associated with the life of a par-

ticular city which issued them. It was the lively interest

of the Greek in the afl'airs of his own city which had
enabled him to produce the finest art. In the universal

empire of Rome the individual Greek could have no part,

and the intellectual, as well as the political, centre of the
world was now shifted to the banks of the Tiber.

In this brief sketch of the coinage of Greece we have
dwelt mainly on the external form which that coinage

assumed. There is one question, however, which we
must not be content to pass over with a mere allusion,

and that is the actual significance of the types before the

period in which, as we have seen, the influence of the

ruler became supreme. Before the introduction of money,
types bearing some resemblance to those afterwards found
on coins occur on the engraved gems which were used to

set the seal of ownership on articles of value. Now the

state, in issuing coinage, would wish to mark it with some
stamp representative of itself and its right to make such
issues ; and as the Greeks were an essentially religious

people, it was natural that they should regard the chief

deity of a city as its representative. Hence it is that a

very large proportion of coin-types have a religious signi-

ficance. The human figure or face is, however, the last

thing in the delineation of which art attains mastery, p.nd

consequently the early artists were content to represent

god or goddess by some symbol or attribute, rather than in

person. A stag represents the huntress Artemis ; a thunder-
bolt Zeus, the god of the sky ; a lyre or a tripod (Fig. 3)

Apollo, the god of music and prophecy. But this is far

from exhausting the nature of coin-types. Those natural
objects which were especially characteristic of a place and
its surroundings would, of course, suggest themselves

;

a maritime city, whose chief interest was fishing or

seafaring, would engrave on its money perhaps a ship,

perhaps a dolphin, a sea-shell, or a cuttle-fish. Lions,
goats, or boars (Fig. 5), would figure where these animals
were plentiful. The wild celery grows in such large

quantities near Selinus, in Sicily, as to give its name to the
town, and its leaf figures on the coins, just as does the
fig-leaf on the coins of Camirus in Rhodes. The particular

article of commerce for which a city was famous might be
suggested by its coin-type ; thus we find trade in wine
represented by a wine-jar or wine-cup. Silphium (Ferula

timiitand or, perhaps, Thapsia (/ummifcra) was a plant much
cultivated on the Barca plateau, and, therefore, was the
almost constant type of the coins of this district of
Northern Africa. Some coins of Barca bear the silphium
plant with a gazelle couched before it or browsing on its

shoots. On another (Fig. 11) the silphium is seen from
above, and in the field are a jerboa, a chameleon, and an
owl. Another little piece of local colour is found at

Metapontum, in South Italy, where, on one coin the
" praying mantis " {Mantis n'lii/iosa) is seen perched on a

leaf beside the main type (an ear of corn, cp. Fig. 4). Much
has been written to prove that all types are in their origin

commercial, and that, for instance, the occurrence of a boar
denotes a special line in hams. Neither this view, nor the

view that all types have a religious significance, expresses

the whole truth. The fact is, that a city famous for its

wine would naturally regard the wiue-god as its chief deity,

and, therefore, represent him, or something connected with
him, on its medium of exchange. The proof of this is

that as soon as the Greeks became able to represent the deity

in question satisfactorily, the article of commerce over the

production of which that deity presided occupied, as a rule, a

subordinate position on the coins. Athens was famous for

its olives, which were under the protection of Athena ; and
on the later coins the head of Athena occupies the obverse

or more important side, while the reverse bears the owl
(symbolic of Athena's wisdom), the olive-wreath, and the

jar of olive-oil (Fig. 23.) A city situated on a river of

importance often adopted as type the representation of the

I'iver-god (conceived as a bull—significant of the stream's

tumult and force—or a monster with the body of a bull

and the head of a man, or again, a horned man). Still,

many a coin-type remains less than half explained. Why
have we on the coins of Lampsacus, in Mysia, a com-
bination of two heads, looking different ways, on a single

neck ? Why a cock on the coins of Himera, in Sicily ? It

may be connected with Asclepios, the physician -god, for

there were healing-springs in the neighbourhood ; or,

though this is less probable, the " bird of day " may be a

punning allusion to the city-name, which only differs

slightly from the Greek word for day (/lemcra). The use

of punning types was by no means uncommon. Thus,

on coins of Phocsea, in Asia Minor, we have (Fig. 2)

the seal (plwkei ; on coins of Rhodes, a rose (rluMlon).

Other types, again, allude to some event connected with

the history of a city ; thus, on some coins of Thebes,

an infant Heracles, strangling the snakes which attacked

him in his cradle, symbolizes the struggle with the

old-established power of Sparta, in which Thebes (where

Heracles was worshipped) was victorious. Or the victory

won at the Olympian games by the ruler of some
Sicilian town would be commemorated by a chariot

drawn by horses, on the heads of which, or on the

head of the charioteer who guides them, the goddess of

Victory places a wreath. One of the most remarkable of

Greek coins (Fig. 7) w-is struck just after, and may allude

to, the great victory of the Greeks over the Carthaginians

at Himera in the same year (-180 b.c.) in which the Persians

were defeated at Salamis. On the reverse is a female head

(perhaps that of the goddess of Victory herself) wreathed

with laurel, and surrounded by the nane of the people

(the Syracusans). Around swim four dolphins, expressing,

with a symbolism characteristic of the time, the fact that

the sea surrounds the island of Orcygia, which is the centre

of Syracuse, and which the goddess represented has under

her protection.

But the discussion of the types of Greek coins might be

prolonged indefinitely. For further information on this

and the other matters with which we have dealt so slightly.
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but it is hoped suggestively, the student must be referred

to books like Head's " Historia Numorum " and Gardner's
" Types of Greek Coins," illustrated works which cover in

a scientific way the vast field of Greek numismatics. The
subject is one in which the student of the history of the

ancients, their politics, commerce, art and religion, should

be thoroughly grounded before he can pretend to under-

stand the facts, often distorted by literary tradition, about

the life of a people from whom we have not a little to learn,

and who, at least, will always remain interesting for their

own sake.

I>i)EX TO Plate.

jrftfre nof othertxise described^ the coins are staters oj silver.

1. Lrdia. Electrum. About 700 B.C. Obi:, Striated surface.

Jiei\, Incuse impressions.

Phocai'a. Electrum. About 600 B.C. Seal.

Croton. About 500 B.C. Tripod.

Jletapontum. ,, Ear of com.
jMethvmna. Early otli centm\v. Boar.

Athens. Tetradracbm. Late .5th ceuturv. Ohr., Head of

Athena. Sev , Owl and olive-sprav.

7. Syi-aeuse. Decadrachni. 480 B.C. Oil'., Female head surrounded
bv dolphins. Set\, Victorious four-horse chariot.

8. S_TTacu«e. Deeadrachm by Euainetos. Earlv 4th century.

Oil'., Head of Persephone surrounded by dolphins. Rer
,

TictDrious foxir-horse chariot.

9. Terina. About 400 B.C. Head of Tictorv.

10. Ehegium. Tetradracbm. Abjut 400 B.C. Oljv., Liou's scalp.

Sev., Persiuification of the people of Rhegium.
11. Barca. Tetradracbm. Abovit 400 B.C. Silphium.

12. Elis. About 400 B.C. Head of Hera.

13. Amphipolis. Tetradracbm. About 400 B.C. Eead of Apollo (.=)

14. Cyzicus. Electrum. 4th century. Oic, Head of Aphrodite.

liev., "Mill-sail" incuse.

15. Philip II of Macedon. Gold. Obr., Head of Apollo. Sev.,

Two-horse chariot.

16. Alexander the Great. Gold. Obv., Head of Athena. Sev.,

A'ictory.

17. Philip. Tetradracbm. Obi:, Head of Zeus. Sev., Eace-horse.

18. Alexander. Tetradracbm. 04i'., Head of Heracles. Sev., Zeus.

19. Lysimacbus, King of Thrace (323-281 B.C.). Tetradracbm.
Obv., Head of Alexander with horn of Animon. Hev., Athena.

20. Demetrius, King of JIaccdon (306-283 B.C.). Tetradi'acbm.

Obv., Head of Demetrius, horned. Rev., Poseidon.

21. Cistophorus-Tetradracbm, struck at Pergamus, 2nd century.

Obv., In ivy-wreath, clsfa myslica and snake. Her., Bow-case
between two snakes

22. Antimachus, King of Baetria (2nd century). Tetradracbm.
Head of Antimachus.

23. Athens. Tetradracbm. About 200 B.C. Oil'., Head of Athena.
Sev , In olive-wi-eatb, owl on oil-jar.

COLOUR-PRODUCING BACTERIA.
By C. A. Mitchell, B.A.Oxon.

ALTHOUGH the bacteria belong to the vegetable
kingdom, the colouring matter known as chloro-

I'l'ijU, to which plants owe their green colour, has
not been found in them. They may, in fact, be
looked upon as low forms of plant life minus

chlorojihi/U. Many of them, however, have the power of
producing other colouring matters, some of which are
strikingly beautiful, and to these micro-organisms the
name of chrumogenk bacteria has been applied. They are
widely distributed in water, soil, and air, as may readily

be proved in the case of the last by leaving moistened
bread exposed to the atmosphere for some days, when, in

addition to the moulds which form upon it, there will be
noticed coloured patches here and there, which, by
microscopic examination, will prove to be colonies of

micro-organisms. In Prof. Frankland's recent publication*

a long list of the micro-organisms which have hitherto

* " Micro-organisms iu Water," by Percy and G. C. Frankland, 1894.

been found in water is given, and of these at least seventy

species give rise to a distinct colour on cultivation.

To give anything approaching a complete list of the

chromogenic bacteria would be little more than a tedious

catalogue of names, and it is, therefore, preferable to select

a few typical instances for detailed examination, from which
a general idea of the remainder may be gathered.

Several species are capable of elaborating a red colouring

matter, and the coloured substance produced by one variety

differs in properties from that produced by another. All

shades of red have been observed, from faint pink to bright

vermilion and deep blood-red.

The pinJc Torula, an organism allied to the yeasts, is

frequently met with in the air, and forms a rose-tinted scum
when grown on bread paste. It has large round or ovoid

cells, ofi—8(x+ in diameter, which, unlike those of true

bacteria, are capable of multiplying by budding. The
pink colour is only apparent in the mass, for, under the

microscope, individual cells appear to contain a yellowish

pigment.

Another well-known chromogenic organism is Bacillus

prodiijiosus, which is frequently found in the air, and is the

cause of the phenomenon, which has occurred at various

times, of bread or grain assuming a blood-red colour. This
is the probable explanation of the miracles and portents

of the sort which were once firmly beheved in. The
micro-organism was formerly described as a micrococcus,

since it is almost as broad as long, but it is now usually

classed among the baciUi. It is about 1-o/a in length by
l(u. in breadth, and two or more individuals may occasionally

be noticed hanging together in chains. On whatever
medium grown, the pigment produced is the same, and
the colony usually appears as a rich crimson layer on the
surface of the cultivation.

The bacillus is generally stated to be non-pathogenic,

but it has been shown by Grawitz and De Bary that the

introduction of large quantities of the pure cultivation

into the blood of animals sets up symptoms of inflammation.

The colouring matter is soluble in alcohol and ether,

but insoluble in water. With dilute acids it becomes light

red, but the origmal colour is restored on adding an alkali.

It appears to be closely connected, though not identical,

with the aniline colour fuchsinc.

In 1888, Dr. Edington published a paper on the nature
of " red " cod. In the previous year a large consignment
of the dried and salted fish had arrived at Lerwick, having
on their inner surface, and especially among the particles

of salt adhering to them, minute red pomts which resembled
little particles of vermihon. On investigation it was
found that, although several species of bacteria could be
isolated, the one which produced the red coloration

was a bacillus, to which its discoverer gave the name of

r>. ruhcsrens. When grown on nutrient jelly, a wrinkled
colony was formed, in which the pink colour only developed

after some weeks. The bacillus was found not only in the

fish, but also on the salt used by the curers, showing that

salt is not so strong a preservative as is often supposed.

Though the organism was proved to be in itself harmless,

the fact of its being present at all showed that the fish were
insufficiently preserved, and might thus readily become
a culture medium for pathogenic species.

A peach-coloured organism, Bei/'jicitoa roseo-persirina, was
discovered in 1873 by Prof. Lankester, in water containing
dead animal matter. During its life-history it passes

through several forms, the most characteristic of which is

a long spiral. It is usually the cause of the blood-red films

which may sometimes be observed in pools and marshes.

tlfi =
: of an inch.
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Among the bacteria producing a blue colour on cultiva-

tion, the bacillus of " blue milk," B. ci/aiw<itnf):, is one of

the most typical. It is not au uncommon occurrence,

especially in parts of Gei-many, for milk, otherwise perfectly

normal, to assume a bright blue colour ; and before the

real cause was known, many theories were put forward to

account for the phenomenon. For instance, it was ascribed

by various observers to iron, indigo, and a diseased

condition of the cows ; while Henri Bracconat thought

it was due to spontaneous decomposition of the milk.

The bacillus which is now known as the cause is a motile

organism 3/x in length by -Jp in breadth. Grown in milk

it produces a slate-blue colour, changing to bright blue as

soon as the milk commences to turn sour. No coloration

occurs if the temperature be above 36^ C. According to

Erdmann the colouring matter is the same as the aniline

colour tii-phenyl-nrsaniline, but this is denied by Schroter.

In its physiological effect "blue milk" appears to be

harmless, and chickens have been fed for weeks on bread

soaked in it without being any the worse.

The bacterium of " yellow milk," B. .nintJiinum, is an
interesting illustration of au organism producing a yellow

pigment. In boiled milk it gives rise to a bright yellow

coloration, which it also shows when grown on sterilized

potato. The colouring substance, which is very similar to

the yellow anihne colours, is soluble in water, but insoluble

in alcohol. The organism usually occurs in the form of

cocci, about 1/x in diameter. Green pigments are produced

by several species of bacteria, more than half a dozen of

which have been found in water. Of these. Bacillus

fluorescens liquefaciens occurs most frequently. It is of a

short rod form, l-5f4 long and O-ou. broad. When grown
on gelatine it causes the culture medium to assume a

beautiful fluorescent green colour, and at the same time
liquefies it.

Eepresentatives of the other colours—violet, orange,

and brown—may also be found among those formed by
bacteria. According to Cohn and Schroter, who attempted
to classify them by their solubility in water, the red and
yellow substances are, broadly speaking, more soluble in

that liquid than the orange, green, and blue. In some
cases the colour is confined to the protoplasm and inter-

cellular substance of the bacteria, while in others ([•.,'/., the
" blue milk " bacillus) it spreads outside the cells on to

the culture medium. It would thus appear that some are

products of excretion, as well as of secretion, and all seem
to be formed through the decomposition of the nitrogenous
substance in which they grow. As to the part they play
in the physiology of the bacteria but little is known, and
the suggestion that they supply the place of chloroplujU in

plants does not throw much light on the question, since it

has not yet been proved beyond doubt what the function
of chlorophyll is.

THE GIANT BIRDS OF SOUTH AMERICA.
By E. Lydekkek, B.A.Cantab., F.R.S.

FOR many years the minds of philosophical ornitholo-

gists have been much exercised by the problem of

the origin and phylogeny of the existing flightless

ostrich-like birds and their fossil relatives. Not
very long ago, we believe it was not an uncommon

opinion that all these Ratite birds, as ostriches, rheas,

cassowaries, and emeus are collectively called, were the
immediate descendants of a certain group of extinct reptiles,

and that they themselves gave origin to the flying birds.

One circumstance is, however, fatal to this hypothesis.

As most of our readers are probably aware, flying birds

have the bones of the fore-limb, or wing, constructed on a

very peculiar plan, and quite unlike those of either

mammals or reptiles. But precisely the same type of

structure is presented by the rudimentary wings of such

of the ostrich-like birds as possess these appendages at all

;

and it is quite clear that if these birds had been evolved

from reptiles in the condition we now find them—that is to

say, without the power of flight—they would have retained

the reptilian type of fore-limb, and would not have an

aborted bird's wing. Hence it is clear that we must regard

the ostriches and their allies as the descendants of birds

endowed with the power of flight, but whose wings have

become gradually atrophied by disuse till, as in the emeus,

they are extremely minute, or, as in the extinct moas of

New Zealand, have even completely disappeared. Having
arrived at this satisfactory conclusion, the reader might
perhaps think that there was nothing more to be said on
the subject; but here, unfortunately for his peace of mind,

another problem presents itself for consideration. We
have, indeed, to decide whether all the Ratite birds have
sprang from an original flying ancestral stock, or whether
several flying birds have given rise to degraded flightless

types which have subsequently become so hke one another

as to form one apparently homogeneous group.

So far as the existing and later Tertiary representatives

of these giant flightless birds are concerned, it does not

appear that we have at present any means of deciding

this question one way or the other. The discoveries

made during the last few years in the older Tertiary

deposits of Patagonia have, however, gradually brought
to light the remains of a group of most extraordinary

gigantic flightless birds which formerly inhabited that

country, and which are so totally

unlike all the modern RatitsB,that

there can be no reasonable doubt

as to their having originated

independently from flying forms.

When we have once admitted the

independent origin of one group

of giant flightless birds, there

appear at first sight no great

reasons why the modern types

should not have had a diverging

ancestry, although, as we shall

see later on, there are certain

grounds for regarding them as

derived from a single stock.

For a knowledge of the giant

flightless birds of Patagonia we
are mainlyindebted to the labours

of Senor Florentine Ameghiuo,

of Buenos Ayres, from whose

latest work on this subject the

accompanying illustrations have

been copied. The first example

of their remains brought to light

was a portion of a lower jaw, and

so massive and unbird-like was

this bone that it was at first

described as belonging to a

gigantic edentate mammal. And
no wonder either, for we have

not hitherto been accustomed

to deal with birds whose lower jaw measures about twenty-

one inches in total length, as does the specimen represented

in our first illustration. Indeed, it is even now difficult

to convince English naturalists that the fossilized

extremities of the beaks of these extraordinary birds are

avian at all. At the end of 1893 I brought home such a

Fio. I.—Lower Jaw of I'ho-

rorhachis loiigisaima. • About
one-seventh natural size.
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specimen, for the purpose of having a plaster-cast made at

the Natural History- iluseum, and I had the greatest difficulty

iu making some of the authorities there believe that the

specimen belonged to a bird at all— indeed, I am not sure

but that I was considered to have made a hopeless blunder,

and to have mistaken the claw of a grouud-sloth for the

beak of a bird. Be this as it may, the specimens which

Fig. 2.— Side view of Skull of Phororhachis inflata. About tn-o-fifths natural size.

Seiior Ameghino has now figured show the entire skull, so
that whatever scepticism there may have been on the
matter must now disappear.

Considering first the skull of the Stereornithes, as these
birds have been called, this is remarkable not only for its

excessively large size and massiveness, but likewise for its

peculiar conformation, which is quite unlike that of any
other group, either living or extinct. As shown in Fig. 2,

the upper mandible of the beak is of great vertical depth,
and very much compressed from side to side ( Fig. 3) , with
its extremity forming a sharp hook. In common with
many existing birds, the cavities for the eyes (Fig. 2, a)
are iu free communication, owing to the absence of a

'

partition of bone between them ; and these cavities likewise

are completely continuous with the preorbital vacuity {c'\,

a feature which Senor Ameghino states is unparalleled
among existing birds. The nostrils («), which likewise
have no dividing septum, are situated high up in the
compressed beak, only slightly below the level of the

i

upper surface of the hinder part of the skull. A featm-e in

which the Stereornithes differ from all living Katitfe, and
hereby resemble the flying birds, is to be found in the
presence of two distinct condyles or heads, by which the
quadrate bone f./y articulates to the skull proper. The
lower jaw which is abruptly truncated at its hinder
extremity, has a large lateral vacuity, and its pointed tip

curves slightly upwaids; the symphysis, or union between
its two branches, being long and trough-like. Apparently
the only living birds in which the extremity of the lower
mandible is curved upwards are the South American
trumpeters, Psojihiii.

\

Comparing this extraordinary skull with thos5 of recent
birds, one cannot help being struck with a superficial

resemblance between the deep and compressed upper
mandible with that of the puffins ; but in those birds the
conformation of the hinder extremity of the skull is totally

different, while the large nostrils are pierced low down in

the sides of the beak. In the hooked extremity of the
upper mandible, and also in the narrowness of the whole
of this region, there is a decided resemblance to the
cormorant and the albatross, although in both those
birds the beak is of no great depth, while the preorbital

vacuity is sharply separated from the cavity of the eye.

All three agi-ee, however, in the truncation of the hinder

end of the lower mandible, while the albatross has a

vacuity in the side of the latter, and also no septum

between the nostrils. On the other hand, while the upper

surface of the skull of the albatross is quite unlike that

of the fossil, there is a decided resemblance in this

respect in the case of the cormorant,

this being especially shown in the

projecting processes at the postero-

lateral angles. Whether this re-

semblance indicates any real affinity,

I am quite unprepared to say,

but it may be mentioned that both

in the albatross and the cormorant

the extremity of the lower mandible
slopes downwards instead of upwards,

while in the latter the symphysis
is very short. The American
ATiltures also resemble the fossils

in their hooked upper mandible and
absence of a nasal septum, but

differ markedly as regards the rest

of the skull. Unfortunately, we have
no knowledge of the structure of the

palate of the Stereornithes.

We have likewise no information
as to the breast-bone or sternum of the latter, and we
cannot, therefore, say whether it resembled the Eatite
type in being smooth and
flat, or whether it carried the
prominent keel of ordinary
flyingbirds. Wedo, however,
know that the coracoid bones
were of the narrow elongated
type characteristic of the
latter; while we have like-

wise information to the effect

that the wings were com-
paratively well-developed,

although incapable of sup-

porting these enormous birds

in flight. Perhaps they were
used to aid in running, as are

those of the modern ostrich.

As regards the leg-bones,

these indicate two very dis-

tinct generic types, the more
slender of which (Fig. -1)

accords in relative size with
the relatively slender lower
mandible of the typical Pho-
rorhdchis : while a larger,

stouter, and relatively shorter

type (Fig. 5) agrees with a

larger, shorter, more up-

turned and massive kind of

mandible. To this second

genus the name lironlornis

has been assigned.

In the tibia of both genera,

of neither of which we have
figured an example, the lower

end has a bridge over its

front surface to hold down
the extensor tendons; such a

bridge being absent in aU
the existing Eatite birds,

moas of New Zealand, as well as in a gigantic bird from

Fio. 3.—Upper view of the Skull
represented in Fig. 2.

but present in the extinct



June 1, 1895.] KNOWLEDGE. 127

the lower Eocene of England and France known as

Gastornis. In Brontnrnis this bone measures thirty inches

in length, and in Pliororhm-his about fifteen and a half

inches. In the latter genus the tarso-metatarsus (Fig. i)

has a total length of about twelve inches ; while that of the

former (Fig. 5) measures sixteen and a half inches In

most cases, as shown in Fig. 4, d, the first toe was present,

but this is stated to have been
wanting in some forms. A
further difference between the

two genera is to be found in

the form of the terminal joint

of the toes ; in Brontnmis (Fig.

5, b) this bone having a marked
lateral expansion at its upper

end, whereas in Phororhachis

it tapers gradually from one

extremity to the other. While
the vertebrse exhibit well-

developed pneumatic cavities,

the leg-bones would appear to

have been filled with marrow,
like those of the modern
Eatitse.

After a careful description

of all the known remains of

these gigantic birds, Senor
Ameghino comes to the con-

clusion that while they cannot
be placed among the Ratitae,

as now defined, neither can
they well be included among
the flying birds, or Carinatfe,

as they agree with no living

members of that group. With
this conclusion I agree entirely.

In respect to the structure

of their quadrate-bone the

Stereomithes are clearly more
closely allied to the Carinatfe

than are any of the modern or

later Tertiary Ratita? ; but from

the extraordinary structure and
great relative size of their skulls, it is practically certain that

they cannot be regarded as ancestral types of the latter, in

all of which (with the exception of the New Zealand kiwis,

where the bill has undergone a special elongation) the

skulls are imusually small.

It is accordingly evident that the Stereomithes and the

Ratitfe have originated, quite independently of one another,

from flying birds ; and this might lead to the conclusion

that the latter have likewise had a multiple origin, and that

the diflerent family groups into which they are divided have

no real relationship with one another. Without denying
that this may be the case, it must be remembered that all

the modern Ratitfe, together with the moas, agree with one
another in having but a single upper articular head to the

quadrate-bone, and likewise in the short and squared

coracoid, as well as in certain other features. And as the

first of these peculiarities is not an adaptive one, this at

least is scarcely likely to have been evolved in all cases if

the different families of that group had originated

independently of one another.

The Patagonian beds from which the remains of the
Stereomithes are obtained have been generally assigned

by the South American palasontologists to the lower Eocene
division of the Tertiary era ; but this date is certainly too

early, and they are more probably of Miocene or Oligocene

age. Admitting this, the question then arises whether

Pig.

18 of

. 4.—Left tai'so-inetatar-

Phoi'orachis. a, from
in front ; h, upper end ; c, d,

back view of upjier and lower

<'nds ; e, inferior extremity.

About two-fifths natural size.

there are any older Tertiary birds which can be regarded
as related to the Patagonian forms ; and we naturally turn
to the Eocene tTcistoniis, already mentioned, allied to which
is another bird from the same European strata, known as
Jiiisoruis, and a third from the equivalent strata of North
America, to which the name Diatrt/iim has been applied.

Unfortunately, we know the skulls of these birds only by
fragments, but they appear to have been of relatively large
size, although such restorations as have been given malie
them much more depressed than those of the Stereomithes.
This, however, might be a feature of not more than family
value. There are, however, other difl'erences of consider-

ably more importance, one of these being the circumstance
that the component bones of the skull remained separate
throughout life, instead of uniting at a very early period

as in all existing birds ; while anotlier is to be found m
the shortness of the bony union between the two branches
of the lower mandible. It has also been considered not
improbable that the upper jaw of Gimturnls was furnished
with a pair of large teeth ; and if this should prove to be
well founded, it will be evident that the group must have
branched oft' from flying birds at a time when the latter were
still toothed. Apart from this, although thers appears to

be no evidence as to the form of the head of the quadrate-
bone, the tibia of these Eocene birds agrees with that of

the Stereomithes, and the fragments of the coracoid
indicate that that

bone was of the same
elongated type. As
the extinct Pata-

gonian Ungulates
show remote indi-

cations of affinity

with some of those

of the early Tertiaries

of Europe, it is

accordingly not im-

possible that there

a somewhat
relationship

the Stere-

on the one
hand and Gastornis

on the other. What
the nature of this

relationship (if such

there be at all) may
be, it is impossible at

present to determine

;

but it may be con-

sidered pretty certain

that neither the
Stereomithes nor the

(iastornithiilcB can be

henceforth included

in the Ratitie, and
hence that that group
is of comparatively

modern origin.

In articles which have already appeared in Knowledge,

it has been shown how widely different were the ancient

Tertiary mammals of South America from those of all

other parts of the world, and we have now evidence to

show that the same was the case with the flightless birds.

Althoiigh now, owing to the land- connection with the

northern half of the New World, its fauna is less peculiar

than it was in past epochs, yet it is still sufficiently dis-

tinguished to allow Tropical and South America to form

one of the three primary zoological divisions of the globe.

may be

similar

between
ornithes

B A
Fra. 5.

—

a, right tarso-metatarsus, and
B, toe-bones of Bronlornis. About one-

fifth natural size.
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THE COLOURS OF BUTTERFLIES.
By C. P. Maeshall, M.D., B.Sc, F.E.C.S.

M
OST people are familiar -with the beautiful and

varied colours met with among butterflies
; but

the reasons why such colours exist are, perhaps,
not known to all readers of Knowledue, even in
these post-Darwinian days. There are still, no

doubt, persons who believe that the colours of insects, and
other beautiful colours met with in nature, were intended
for the special benefit of man, to please the eye of the
" lord of creation." But any siich idea is at once rendered
absurd when we reflect that the most gorgeously coloured
butterflies and birds are found in parts of the world where
man does not dwell, and where he seldom ventures, viz.,

the tropical forests of South America and the islands of
the Malay Archipelago.

The explanation of the colours of animals and plants is

due chiefly to the investigations of Alfred Kussel Wallace,
and the results show that colour is uo accidental quahty,
but that in several different ways it benefits its possessor in
the struggle for existence. In the case of flowers, it has
been shown that the colours and scent serve to attract
insects to visit and fertilize them. Therefore, if insects can
appreciate the colours of the various flowers, they must be
able to distinguish colours in the members of their own
and other species.

Let us now consider briefly the chief groups into which
the colours of butterflies are divided, and the purpose
served by each different kind of colouring.

1. Protective Cohntrs.—These enable the butterfly to
escape fi-om its enemies, owing to the colouring bearing
a strong resemblance to some other object, thus aiding
concealment. The resemblance may be to another butterfly,
or to a flower or leaf. Protective colouring is usually
confined to the under surface of the wings, which is coloured
more or less like the leaves or flowers on which the butter-
fly usually perches. When, as is their habit after ahghting
on their usual plants, the wings are folded up exposing the
under surfaces only, the protective is often very striking.
In some instances the resemblance is so strong as to

deceive the most practised eye. One of the best known
instances is that of Kalluna, a butterfly met with in the
Malay Archipelago. In this the upper surfaces of the
wings are brightly coloured with orange and purple, but
the under surfaces bear the most remarkable resemblance
to the dead leaves of the plant on which it has the habit
of alighting in its flight. Furthermore, in difl'erent

specimens, resemblances may be found to dead leaves in
almost every stage of decay. In other cases the resemblance
involves the whole insect. Phi/lliwn, the "leaf insect,"
resembles a group of leaves ; here the joints of the limbs
are flattened out and coloured hke leaves, in addition to
the wings. Loiichodes, the " stick insect," resembles a
group of di'ied twigs.

Protective colours are not confined to the adult insect,
but the larvie are also often protectively coloured. The
larvcc, or caterpillars of butterflies being soft-bodied,
defenceless creatures, are in need of protection, and hence
we find in them protective colouring. The usual colour of
caterpillars is green, resemblmg the colour of the leaves on
which they feed. Caterpillars which have the habit of
feeding on grass are protected by longitudinal stripes
which facihtate concealment. At the time when the larvse
are about to change into pupie, or the chrysalis stage, they
usually turn a brown colour to resemble the earth on to
which they descend.

The common "stick caterpillar," found on ivy and other

plants, is a good example of what is called " special

protective resemblance." Anyone who has searched for

these caterpillars will have experienced the difliculty there

is in distinguishing them from the twigs of the plant on
which they feed.

The explanation of protective colouring is offered by
the theory of natural selection. No two butterflies are
exactly alike, any more than any other two animals are
exactly alike. The butterflies resemble other insects in

being the food of birds, lizards, and other animals. Now,
any butterfly whose markings and colour render it more like

the leaves or other objects on which it perches, will have
a better chance of being concealed, and so of escaping the
enemies which prey on it. Such butterflies will, therefore,

sur\dve and transmit their peculiarities to their offspring.

In these, again, some will have colours and markings of a

greater protective value than their parents ; these will

survive, and in their turn will transmit their advantages to

their descendants, and so on, generation after generation,

the xwotective colouring becoming more and more marked
till the extraordinary resemblances we have mentioned are

reached.

2. Warnhui Colours.—These form a remarkable group
of instances in which the colours are conspicuous, for the

purpose of warning other insects to keep away. Warning
colouring arises from the fact that if an animal, liable to

be eaten by others, has a nauseous taste, it is advantageous
that it should be quickly recognized, and hence avoided by
the animals which would otherwise eat it as food. Some
of the best known instances of warning colours are found
in butterflies, especially some of those inhabiting the

tropical regions. They are brightly coloured on both
surfaces of the wings, and the colours are usually the same
on both upper and under surfaces of the wings. They
all excrete juices of a powerful odour which are offensive

to insect-eating animals.

Warning colours are also frequently found among
caterpillars, such as those of the common magpie moth,
the cinnabar moth, and the tiger moth. These are all

brightly coloured and take no pains to conceal themselves,

and if offered to lizards, frogs, and other animals, will be
rejected.

The origin of warning colours is also explained by
natural selection, but on a different line to the explanation

of the protective colours. In this case those accidentally

possessing a nauseous taste will have a better chance of

surviving in the struggle for existence. The peculiarity

will be transmitted and increased in intensity from gene-

ration to generation in the same way as the protective

resemblances are increased. In the case of the warning
colours, the insect having the most nauseous taste and
most gaudy colouring will survive.

3. Sexual Colours.—These are found when the two sexes

differ considerably in colour. As a rule, the male is of the

same hue as the female, but of a deeper and stronger

colour. In other cases, as in the common orange tip

butterfly, patches of colour are found in the male but not

in the female. Darwin explained the more brilliant colours

of the male as being due to what he termed " sexual

selection"

—

i.e., to the female having preference for a more
brightly coloured male, thus giving rise by selection to the

development and survival of the more brilliantly coloured

males. On the other hand Wallace explained the more
sober colours of the female as being protective in order to

escape detection while laying eggs—a period during which
there is more exposure to attacks from enemies, and so

more need for protection.

4. Mimicry. — Many butterflies escape destruction by
mimicking the colours and markings of the uneatable forms.
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Cases of mimicry are really of the same class as protective

colours, but would be incomprehensible but for our know-

ledge of warning colours. Insects possessing warning

colours are, as we have seen, nauseous and unpalatable

to the animals which pursue them as prey ; they, therefore,

advertise themselves by their bright colours so as to be

easily recognized and so escape destruction. Hence it is

plain that other edible insects, if they have colours and

markings resembhng those of the nauseous ones closely

enough to be mistaken for them, may benefit by the

resemblance, and escape.

A large number of these cases are now known in which

an edible butterfly mimicks an inedible and nauseous one,

protected by its warning colours, so closely, that in many
cases they would be considered members of the same
species. This resemblance may be so close as to deceive

the butterflies themselves, and the male of the mimicking
butterfly has been seen pursuing the female of the

mimicked species, unaware of his mistake till he got very

close to her.

The colours of animals and plants, of which those of

butterflies are some of the most important, forms in fact

one of the most interesting and delightful branches of

natural history, and furnish us with many problems, with

which the above remarks deal only too briefly.

Scftnct Notts.

Dr. Deninger, of Dresden, has prepared carbon mono-
sulphide CS pure for the first time, and finds that, instead

of being as described in the text-books, an amorphous red

solid, it is really a colourless gas. He pi'epared it by
heating dry sulphide of sodium with chloroform, or,

preferably, iodoform, in sealed tubes to 180° C. The
gaseous products were made to bubble through aqueous
caustic potash, which absorbed the sulphuretted hydrogen,

and the carbon monosulphide passed through unabsorbed.

By acting upon carbon disulphide with sodium, in the

presence of some aniline, the new gas was also obtained.

It is colourless, and easily condensable to a clear liquid,

which, however, rapidly evaporates. It burns in air with

a bluish flame to form COo and SO,. It is extremely

explosive, and was only with some considerable difficulty

analyzed and found to have a composition equal to CS.

M. Berthelot's experiments on the absorption of argon

by benzene are very interesting, and exhibit argon in a

new light. The fact that the greenish-yellow phospho-

rescence of this mixture is very like that of the aurora

borealis indicates a probable explanation of this hitherto

unexplained natural phenomenon.
»^ I

Some years ago the Dutch chemist, Lobry de Bruyn,
isolated pure anhydrous hydroxylamine by a somewhat
peculiar reaction, and the happy idea recently struck him
of applying the same process to the isolation of hydrazine
N„H^. Hydrazine has never been obtained fi-ee from
water, but always as the hydrate N^H^. H.^O ; indeed, so

strong was this attraction for water that its discoverer

Curtius recently asserted that its isolation was, he felt

convinced, impossible, though he thought the gas N„H^
might in some cases be momentarily liberated. However,
de Bruyn, by acting on sodium methylate with hydrazine
hydrochloride in methyl alcohol and then fractionally

distilling the products, obtained pure hydrazine as a colour-

less liquid of fairly high boiling point and freezing at i" C.

It is really very stable, but hisses with water and, of course,

fumes vigorously in moist air. The halogens all react

violently with it, as also does sulphur.

In a recent number of the American Chemical Journal,

there is an interesting paper by H. N. Stokes on some
nitro-chlorides of phosphorus. Dr. Gladstone, some years

ago, by the action of pentachloride of phosphorus on
ammonium chloride obtained the substance (PNCl.,),.

Stokes has by the same process obtained also the corre-

sponding acid (PN(OH).,),. This substance (PNCl,)^
crystallizes in enormous crystals of unlimited size, and
exhibits a remarkable repugnance to being wetted by-

water, upon which the crystals consequently float. They
have a pleasant odour, but after some time the odour
produces a very painful difiiculty in breathing.

For many years the actual existence of the original

manuscript of the " Natural History of Selborne " was
known to but a few people. At the death of Gilbert

White it had remained with Benjamin White, his brother,

the publisher of the original edition of 1789. From him
it descended to his son Benjamin, who in turn passed it

on to his son, the Eev. Glyd White. The Eev. Glyd
White bequeathed it to Mr. A. Holte White, on the dis-

persal of whose estate it for the first time reached the

auction room on Friday, April 26th, 1895. Messrs.

Sotheby, the auctioneers, had been unable even to suggest

its value, and it had been considered beforehand whether
it would be well to dispose of it privately to the Selborne
Society, who were willing to ofl'er £'50. There were but
twenty people in the sale-room at the time, and the bidding

remained entirely with some three or four individual.?.

Bidding started with an amount of no less than two
hundred guineas, which was at once capped by one of two
hundred and ten guineas, and eventually the manuscript
was knocked down to Messrs. Pearson & Co., of Pall Mall
Place, for two hundred and eighty guineas. The manu-
script was in a capital state of preservation. This is the

more remarkable, as it had been lying, for some time,

treated almost as lumber, in a box in an old outhouse.

Great care was manifest on every page on the part of the

author. No haste showed itself. The regularity of the

handwriting, careful and precise ; the straightness of the

hnes, the apparent absence of haste in the preparation of

the letters, all betokened the leisurely and careful habits

of the writer.

At a recent meeting of the Victoria Institute, Sir George

Stokes, Bart., F.R.S., took the chair, and papers by
Sir .J. W. Dawson, C.M.G., F.R.S., Profs. E. Hull,

F.E.S., Parker and Dunns, the Eev. G. Whidborne and
Mr. J. Slater, F.C.S., were read, upon the questions in

regard to natural selection and evolution treated by

Prof. Huxley in his recent address on " The Past

and Present.'' It was pointed out that, as regards the

Darwinian hypothesis of evolution, all naturalists admitted

that it was as yet insuflicient to account for man's place in

nature, in fact was only a working hypothesis, and

although one might recognize how magnificent in such

master hands as those of Prof. Huxley had been the

results of scientific methods, yet even he confessed to have

met with mutual contradictions and intrinsic weaknesses

in the hypothesis. —^-^-*—
One of the most remarkable botanical achievements of

this century has been obtained by Prof. Emery E.

Smith, of Cahfornia, who, by experiments in cross-

fertilization, has succeeded in producing an entirely new
violet, highly scented, and of great beauty. In size the

flower covers an American silver dollar. Its colour is a

clear violet purple, which does not fade. The fragrance

is very powerful.
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Dr. Donaldson Smith, who is on a scientific expedition

to Lake Rudolph from the Somali coast, has certainly

made a discovery that may rival in interest that

of the wonderful sculptured stones, rock-buildings and
pictographs on Easter Island. On his way south from the

Shibeyli river he explored a river bed that ran under a

mountain, and at the head of which he had learnt " the great

god of the Gallas tribe had carved a palace to himself."

He determined to solve the mystery, and his pluck was
certainly amply rewarded. " We discovered," he writes

to friends in America, "the most beautiful subterranean

passages it would be possible to imagine. A large tributary

of the river -Juba had carved a way for itself under a

mountain a mile in length. On either side of the stream
were great vaulted chambers from twenty to forty feet

high, and supported on massive columns." Had the

learned reporter stopped here, speculation would have been
confined to geological lines, and the explanation not a

difficult one. But Dr. Smith proceeds to say that " the

columns were most beautifully carved, and many of them
joined, forming long arched passages. The mountain was
hollowed out a great distance on either side of the stream."

Fuller details of this very extraordinary discovery will be
awaited with interest.

At a recent meeting of the Eoyal Meteorological Society,

Mr. W. W. Shaw, F.E.S., delivered a lecture on " The
Motion of Clouds," considered with reference to their

mode ot formation, which was illustrated by experiments.

The question proposed for consideration was how far the

apparent motion of a cloud is a satisfactory indication of

the motion of the air in which the cloud is formed. The
mountain cloud-cap was cited as an instance of a stationary

cloud formed in air, moving sometimes with great rapidity.

The two causes of formation of cloud were nest considered

—

(1) the mixing of masses of air at different temperatures,

and (2) the djTiamical cooling of air by the reduction of

its pressure without gain of heat from the outside. A
sketch of the supposed motion of the air near the centre of

a cyclone, showed the probability of the clouds formed by

the mixing of air being carried along with the air after

they were formed, while when cloud is being formed by

expansion, circumstances connected with the formation of

drops of water on the nuclei to be found in the air, and

the maintenance of the particles in a state of suspension

make it probable that the apparent motion of such a cloud

is a bad indicator of the motion of the air. The meteoro-

logical effects of the thermal disturbance which must be

introduced by the condensation of water vapour was
referred to, and to this cause was attributed the violent

atmospheric disturbances which accompany tropical rains.

At the annual Royal Society convfisa-Jone in May,
phenomena associated with cloud formation were experi-

mentally illustrated by Mr. Shaw. Clouds formed by

mixture of two currents of air were shown in a large glass

globe. The currents were due to convection. The motion

of the clouds gave an indication of the motion of the air.

Under suitable conditions the motion took a gyratory or
" cyclonic " form. A second globe was arranged to show
the formation of a cloud by the dynamical cooling of air,

consequent upon a sudden expansion equivalent to an

elevation of about ten thousand feet. The water globules

could be seen to fall slowly. A light was arranged at the

back of the globe to show (under favourable circumstances)

coloured coronas surrounding a central bright spot.

atmosphere of Mars is greater than that in the earth's

atmosphere, it is useless to look for the presence of water-

vapour by means of the spectrum of Mars, unless the

instruments employed are much superior to any hitherto

used for that purpose. The chances of detecting the

presence of oxygen do not seem so hopeless, and it is

suggested that indications of the presence of the green

colouring matter of plants might be got.

Mr. .Jewell, from his investigations made at Baltimore,

concludes that unless the amount of water in the

THE SUN'S STELLAR MAGNITUDE.
By J. E. Ctore, F.E.A.S.

THE stellar magnitude of the sun is the number
which represents its brilliancy on the scale in

which the magnitudes of the stars are represented.

In this scale the "light ratio," as it is termed, is

now generally taken at 2-512, of which the

logarithm is 0-4. This light ratio denotes that a star of

the first magnitude is 2-512 times brighter than a star of

the second magnitude, a star of the second magnitude
2-512 times brighter than one of the third, and so on.

In ancient times all the brighter stars were classed

together as of the first magnitude, but as many of the so-

called first magnitude stars, as Sirius, Arcturus, Vega,

Capella, etc., are considerably brighter than other first

magnitude stars, like Altair, Aldebaran, Spica, etc., this

classification is not sufficiently accurate for the require-

ments of modern science. These very bright stars are,

therefore, now considered as brighter than the first

magnitude, and their brightness is sometimes represented

by a decimal fraction, the scale thus beginning from or

zero. Sirius, the brightest star in the heavens, has

been found by photometric measures to be about two
magnitudes brighter than an average star of the first

magnitude, like Altair or Spica, and its stellar magnitude
may, therefore, be represented by — 1-0, or one magnitude
brighter than the " zero magnitude." Now, what figure

would represent the brightness of the sun on this scale '?

The sun's brightness is so vastly greater than even a star

like Sirius, that it might be supposed that a very large

number would be required to represent its brightness in

the stellar scale of magnitudes. This, however, is not the

case. As wiU be seen, the relative brightness of the stars

in the assumed scale forms a geometrical series, and
increases very rapidly. Thus, a star of the average first

magnitude is one hundred times brighter than one of the

sixth, and ten thousand times brighter than a star of the

eleventh magnitude, and so on.

Various attempts have been made to determine the sun's

stellar magnitude, but owing to its excessive brilliancy its

accurate determination is a matter of no small difficulty.

Comparing its light with that of the moon, WoUaston, in

1829, found it 801,072 times brighter ; Bond, in 18U1,

found 470,000, and (by another method) 340,000 ; and
ZiiUner found 618,000. These results are rather discordant,

but Zollner's figure has been usually accejited as the most
reliable. Huygens found that the sun is 22-2 magnitudes

brighter than Sirius ; Wollaston, 25-75
; Steinheil, 23-96

;

Bond, 24-44 ; and Clark, 23-89. The arithmetical mean
of these determinations is 24-05. If, however, we omit the

value found by Huygens, which is evidently too low, we
have a mean of 24-51. Taking the magnitude of Sirius at

-1-0, we have the sun's stellar magnitude —25-51. Prof.

Pickering adopts 25-5, and this is the value which I have

assumed in my previous papers in Knowledge.
As there seems to be an uncertainty as to the accuracy

of this value, the followmg method of computing it has

been suggested to me by my friend Mr. Monck. Taking
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one of the larger planets when in "opposition," we can

determine by the photometer its exact stellar magnitude.

We can also compute the apparent diameter of the planet

as seen from the sun, and thus ascertain the fraction

representing the area of its disc compared with the area of

the hemisphere illuminated by the sun. If the surface of

the planet were a perfect reflector of light, we could in

this way—knowing the distance of the sun and planet

—

compute the brightness of the sun in terms of the apparent

brightness of the planet. But as no surface is a perfect

reflector, a correction must be made for the " albedo," or

reflecting power, of the planet in question. Let us see

what result this will give in the case of Mars, Jupiter, and
Saturn.

The mean of a number of determinations of the diameter

of Mars, as seen at the earth's mean distance from the

sun, gives about 9-4". Eeducing this to the mean distance

of Mars from the sun, I find that the mean diameter of

Mars in opposition, as seen from the sun, is 6-17 '. This

gives the area of its disc 29-9 square seconds. Now, in

a hemisphere of the star sphere there are 20,G2G'5 x

12,900,000 = 267,319,440,000 square seconds, and hence

area of hemisphere = 8,940,450,000 times the area of the

disc of Mars as seen from the sun. Hence, if the surface

of Mars were a perfect reflector, the sun as seen from
Mars would be 8,940,450,000 times brighter than Mars
appears to us when in opposition. But Mars is not a

perfect reflector. Its albedo, or reflecting power, is,

according to Zollner, only 0-2672 (that of a perfect reflector

being 1) ; hence we must divide the above number by
0'2672, which gives 33,459,768,000 for the ratio of the

light of the sun to the reflected light of Mars. Now, as

the mean distance of Mars from the sun is 1-5237 (that of

the earth being 1), we must multiply the above result by
the square of 0-5237, or 0-2742, to obtain the light of the

sun as seen from the earth. This gives the light of the

sun as seen from the earth 9,174,668,385 times the light

of Mars when in opposition, a number which corresponds

to 24-9 stellar magnitudes. Now, Prof. Pickering finds

the stellar magnitude of Mars at mean opposition to be
— 2-25, that is 2J magnitudes brighter than a star of the
zero magnitude, or about Ij- magnitudes brighter than
Sirius ; hence we have the sun's stellar magnitude, as

deducedfrom the apparent brightness of Mars -(24-9 + 2-25)

= — 27-15, a considerably higher mean than that usually

adopted.

Let us now see what value can be derived from the planet
Jupiter. The mean diameter of Jupiter as seen from the

sun (allowing for the ellipticity or compression of its disc)

may be taken—as the result of five determinations by
difterent astronomers—at 30-4". This gives an area of

disc = 1040-6 square seconds, and a ratio of the area of

the hemisphere to that of Jupiter's disc = 256,889,717.
Dividing this number by Jupiter's albedo, as found by
Zollner, viz. 0-6238, we obtain 411,814,230 for the ratio

of the light of the sun to the reflected light of Jupiter.
Now, as the mean distance of Jupiter from the sun is

5-2028 (that of the earth being 1), its distance from the
earth, when in opposition, is 4-2028, and we must multiply
the above number by the square of this, or 17-603, which
gives 7,273,874,744, a number which corresponds to 24-65
stellar magnitudes. Prof. Pickering finds the stellar magni-
tude of Jupiter in opposition to be —2-52, and addmg this

to 21-65 we obtain - 27-17 for the sun's stellar magnitude,
a result in close agreement with that found from Mars.

In the case of Saturn, we may take its mean apparent
diameter, as seen from the sun, at 16-8" (allowing for the
ellipticity of its disc). This gives an area of 221-67 square
seconds, and a ratio of the area of the hemisphere to that

of Saturn's disc of 1,205,934,244. Dividing this number
by Saturn's albedo, 0-4981, as found by Zollner, we
obtain 2,421,068,548 for the ratio of the light of the
sun to the reflected light of Saturn. Now, as the mean
distance of Saturn from the sun is 9-5388, its distance
from the earth when in opposition is 8-5388, and we must
multiply by the square of this, or 72-9111, which gives

170,522,771,010, a number which corresponds to 28-11

stellar magnitudes. Now it has been found by photo-
metric measures that Saturn, when in opposition, and the
rings invisible, is about equal in brightness to Aldebaran,
which may be considered as a standard star of the first

magnitude. Hence we have the sun's stellar magni-
tude = -27-11, a result in close agreement with those
found from Mars and Jupiter.

From the above calculations we see that, on the lowest
estimate, the sun's stellar magnitude is at least —27. If

this result be correct, the results arrived at in my paper
on " The Distance and Mass of the Binary Stars " will

require considerable modification. The magnitudes there

found for the sun, supposed placed at the distance ofthe binary
star, would have to be diminished by 1-5 magnitude. Thus,
in the case of 7 Leonis, the sun at the distance indicated

by the hypothetical parallax would shine as a star of
8-29— 1-15 or 6-79 magnitude, denoting that y Leonis is

only sixty-six times brighter than the sun. This would
diminish the parallax of 0-58" to 0-29", and would increase

the mass of the system eight times, or to about ^^'^\i. of

the sun's mass. Similar corrections would have to be

made in the case of the other binaries discussed in my
paper, the general result being to increase the mass of each
system eight times. For J Scorpii we should have a mass
of about ^,th of the sun's mass ; for i Leonis the mass
would be about \ ; for 35 Comfe about \, and for

T Cygni about i, results which are perhaps more probable
than those found in my previous paper. In the case of

the other binary stars, however, referred to in that paper,

the masses would still be small. For it Cephei we have
a mass of about ^^ ; for w Leonis about .7'^ ; for

j8 Delphini ^V ; for t Ophiuchi yV, and for J Aquarii
J^. An opposite effect would, of course, be produced in

the remarkable case of j)S Herculis. Here the sun would
shine as a star of 4-5 magnitude, if placed at the distance

indicated by the hypothetical parallax (0-107"), denoting
that the sun is about one hundred times brighter than the
star for equal masses. To reduce the sun to a 9-5 magni-
tude star, the parallax should be reduced to 001", and
this would increase the mass of the system to one
thousand two hundred and forty times the mass of the sun.

We may compare the relative brightness of the sun
with that of binary stars having spectra of the solar type.

Suppose an imaginary planet to revolve round the sun
at x^o^li of the earth's distance from the sun

; the period

of revolution would be yo'^^th of a year, and the semi-

axis major of its orbit, as seen from the earth, would be
?JL6_2_6_5_ 2062-65". Substituting these values of P and a

in Mr. Monck's formula (given in my catalogue of binary

star orbits), and taking the sun's stellar magnitude at -27,
I find that the relative brightness of the sun, compared
with that of £ Ursfe Majoris (which has a spectra of the

solar type), taken as unity, is 1-2748. Conversely, if we
assume the brightness of the sun to be equal to that of

f UrsK, I find that the sun's stellar magnitude would
be -26-73.

Assuming the sun's stellar magnitude at — 27, I find

that the sun would be reduced to about the same brightness

as a Centauri if placed at the distance indicated by a
parallax of 0-76" found for that star. The spectrum of a,

Centauri is of the solar type.
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With reference to the results given in my paper on
" Globular Star Clusters," as an increase of 1-5 magnitude
in the sun's stellar magnitude implies an increase of its

computed brightness about four times, it

would be necessary to remove it to double the

distance given in my paper in order to reduce
it in brightness to stars of the fourteenth
magnitude. This would double the diameter
of Omega Centauri, which is supposed to be
placed at the same distance, and would pro-

portionately increase the distance between
the components of that wonderful cluster

of suns.

In excluding refraction from the originating causes of

the sun pillar, Kaemptz raises a difficulty in explaining

the parhelia described by Roth ; for it is admitted that

THE SUN PILLAR.

By the Rev. Samiel Barber.

THIS very unusual and striking optical

phenomenon was seen in its full

brilliancy, though only for about

fifteen minutes, at Westnewton, near

the Cumberland coast, shortly before

sunset, on January 30th, 1895. The unusually

severe frost prevailing at the time was cha-

racterized by other rare appearances, c.;/.,

the white rainbow formed in the upper sky.

This sun pillar was highly lumioous, almost

like a continuation of the sun itself, making it

appear like a huge comet with a tail of even
breadth with its own disc, and equally brilliant

in its entire length. Light fleecy clouds, not

cirrus, but a loose drift of half stratified " altn

cumulus," were drifting above the declining

orb of day from E.S.E. I may note here that

this variety of cumulus certainly contains, at

times, quantities of ice-prisms. It has been

almost continually prevalent during the long

frost of January and February, 1805, accom-

panied by bands of strato-cumulus of loose

texture and smoky tint. The occasional

formation of a pseudo-nimbus in the east,

soon to clear away, was another characteristic

of this frost. A simOar phenomenon occurs

during drought in summer.
The appearance of the sun column as

observed by Roth is recorded in Kaemptz 's

"Meteorology." This observation of Roth
was most remarkable, the column having appeared before

the sun had risen, and containing a parhelion, which
was mistaken at first for the true sun. The sun shortly

after rose, and the column of light followed underneath it

and contained anutlur parhelion.

Kaemptz himself has hit upon the right explanation of

this phenomenon, by a careful deduction fi-om an observa-

tion which he made on January 23rd, 1888. On that

occasion both the upper and lower parts of the column
were visible ; many luminous frozen particles were
floating in the air, and upon examination these proved to

be isolated hexahedral jilms, about the size of a pin's head.

Kaemptz rightly points out that there are no phenomena of

refraction here ; it is simply reflection, and in this he
agrees with Brandes.

The observation now recorded, taken by myself at "West-

newton, is valuable as agreeing with and confirming

Kaemptz's account, which is, indeed, a model of exact

description. The height of the above column was similar

in both cases, the air contained ice-crystals, and the

breadth of the column was also the same.

Suu Pillar seen at West Newton, Cumberland, January 30tli, 1H0.5.

(From a sketch bv Rev. S. Bakbee.)

refraction is the usual source of these latter appearances.

They almost invariably exhibit the colours which corre-

spond to the refraction angles of ice-prisms. But for all

that, it is undoubtedly reflection which must account for

the sun pillar.

Let the reader consider the case of the long column of

light cast by the sun upon the smooth surface of a lake, or

a calm sea, when near the horizon. Though broken by a

slight movement of the water, the bright band is normally
of the same width as the sun's apparent disc, which has
its full diameter projected upon the watery mirror through-

out the whole length of the column, wherever equiangular

incidence of the light is possible. This equiangular

incidence is, of course, only possible in a line drawn directly

from the observer to the emitting body of light, whenever
the reflecting surface is horizontal. Thus, bands that

seem to pass horizontally through the sun are produced

by the reflecting facets of crystals floating vertically ; but

upright columns which pass vertically through the sun's

disc are the result of crystals or prisms that float

Imri-iintdUy.
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An examination of ice-crystals with a good lens will

show their immense variety. Replying to the question
" why are some halos concentric with the sun, while

others pass through the disc ? " Kaemptz says: " If it were

possible to study the crystals of snow that reflect and

refract the light, it would be easy to reply to that question.

It appears to me probable tl;at these diflerences are due to

different forms that the crystals may assume. If they are

prisms floating in the air, a luminous circle is produced

by refraction ; if they are lamellated crystals, the

reflection produces a parhelic circle passing through the

sun." Now, those who, like the present writer, have

carefully examined a shower of ice-crystals, will know
the endless varieties that fall in the same shower. It

is not, therefore, surprising to find both kinds of halos at

times represented in one phenomenon. Such appearances

are recorded in treatises on meteorology, and an instance

occurred, as recorded by Mr. C. Wood, of Middlesborough,

on the evening of -Tuly 22nd, 1894, at Eedcar. The
present writer witnessed a very similar appearance on
•Tuly 11th, at Westnewton, Aspatria. Mr. Wood speaks

of circles of " cirrus form of cloud." I need hardly

remind the reader that these geometrical figures are due

to optical law, and were no cloud visible the result would
be the same, and the colours more perfect, if the crystals

were there in sufficient quantity. This I have confirmed

by a variety of observations.

Speaking of the quantity of these ice-crystals floating in

the air, a remarkable observation of the sun pillar is given

by Lohrmann, seen near Dresden, on the evening of one
day and the morning of another, and repeated on several

occasions afterwards. The calculation was made some
time ago that if all the vapour contained in solution by the

atmosphere fell in snow, the whole earth would be covered

to a depth of twenty feet. This gives us an idea of the

countless multitudes of crystals which may be present in

one perspective view of the heavens. In accounting for

the sun pillar in its vertical form, I have cited, as

analogous, the band of light reflected from still water. It

may be objected that the particles of water are continuous,

but the atmospheric ice-crystals are not so. But the

particles of water are not ahsohitchj continuous—indeed,

no particles of any form of matter are—and the number of

ice-prisms is quite sufficient, at times, to produce the

optical effect now described. A more closely related

instance of an apparently continuous band reflected from
separated points is to be found in the beam of motes
projected into a darkened room through the aperture of

a shutter.

In conclusion, we may note that these optical phenomena
of the white rainbow and the sun column derive additional

interest and significance from the continuance of the
" historic " frost with which they have recently been
associated.

.
THE PROGRESS OF SELENOGRAPHY.

By Arthur Mee, F.R.A.S.

ANY moonlight night two hundred and fifty years
ago, whilst the good people of Uantzic were
wrapped in slumber, one of the wealthiest

burghers of the Prussian city might have been
found deeply engaged in the contemplation of

our satellite. His observatory was very difl'erent from
what we associate with the name, and his clumsy and
imperfect telescope a modern amateur would cast aside

with contempt. But though his apparatus—the most

perfect of his day—was to our way of thinking absurdly
inadequate, Hevelius possessed those qualities which make
the successful observer, and his great skill, his splendid
energy, and his untiring perseverance made up in no small
degree for the imperfection of his instruments. Night
after night he watched, drawing after drawing was
carefully secured, until, at the end of several years, he
found himself possessed of suflicient material to lay down
a chart of the moon. Here, again, our astronomer spared
no pains in the execution of his task. He drew his map
eleven inches in diameter with minutest care, he engraved
it on copper with his own hand, he wrote a treatise on
what lie had discovered, and he gave the whole to the

world in the shape of a folio volume with a ponderous
Latin title, after the fashion of the times. Quaint in the

extreme is this old map, with its mountains in perspective,

its lands, its oceans, and its rivers all carefully christened

by the author, and last, but not least, the winged cupids in

the corner bearing scrolls descriptive of the chart and its

abbreviations.

Such was the earliest map of the moon. Galileo had
observed the spots, Scheiner and Langrenus had drawn
them, but it was left to Hevelius to construct the first

chart which, though of no great value to the modern
student, must ever remain a monument to the patience

and skill of the father of selenography. It was not long
before Hevelius' map had a rival in that of Riccioli, of

Bologna, prepared from Grimaldi's observations. Hevelius

had been content to name the various objects from
presumed terrestrial analogies ; but Riccioli, with a touch

of human vanity, conceived the idea of christening the

various formations after the philosophers of his own and
of ancient days. In carrying out this scheme of nomen-
clature, the Bolognan observer was careful to include his

name as well as that of Hevelius, and, as Eiccioli's system
was accepted, the pair are still found side by side on our

modern maps of the moon.
For a whole century the chart of Hevelius remained the

chief lunar authority. Cassiui and others had, indeed,

made attempts in the same direction, but no advance was
recorded until Tobias Mayer, of Gottingen, determined on
a new map. During the lunar eclipse of 1748 he felt

the want of an accurate chart, and set to work to prepare

one in twenty-five sections. He had collected his materials

when death cut short his work at the early age of thirty-

nine years. A small map embodying his observations

was, however, issued; but the large one did not see the

light till a few years ago, when it was produced under the

editorship of Klinkerfuss.

Another long interval elapsed, and then Schroeter, of

Lilienthal, applied himself to the study of the moon. He
did not construct a map, but he published a series of

careful drawings, as he tells us, with the express object of

leaving to his successors materials for settling the question

of lunar change. Up to this time, and, indeed, until the

publication of the great work of Beer and Miidler, the

moon was considered to be a living world, with lands and
seas, and rivers—with forests and active volcanoes, and,

perhaps, with sentient bemgs inhabiting its surface.

Schroeter's labours, therefore, were invested with peculiar

interest, and were carried out with all the zeal and earnest-

ness that characterized those of Hevelius, but with instru-

ments far superior to those which the older philosopher

possessed. Miss Agnes Gierke justly styles Schroeter the

originator of selenography in its modern sense, and his

vicissitudes, no less than his devotion to astronomy,

deserve that the story of his most interesting life and
labours should be given in detail to the world. Schroeter

was not a skilful draughtsman, but he made his designs
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with the greatest care and patience, and his work is

still of much service in elucidating disputed points in

selenography.

Schroeter's study of the moon practically ended with
the eighteenth century, and nearly twenty-five years

passed before another marked advance in selenography
took place. W. G. Lohrmann, of Dresden, was the next
to take up the work, and he commenced the construction

of an accurate chart thirty-seven and a half inches in

diameter. Like flayer, he was not destined to finish it.

A smaller map was issued just before his death, and a

larger one was published in 187''^, under the editorship of

the great selenographer, Schmidt. A contemporary of

Lohrmann was Gruithuisen, like him, a draughtsman of

great excellence, of whose drawings, published some years

ago, no less an authority than Klein has expressed himself
in terms of highest praise.

The years 1836-37 marked an epoch in lunar science,

for they witnessed the publication of Beer and Miidler's

great map and text-book on the moon. The chart, thirty-

seven and a half inches in diameter, is still esteemed an
authority, and the monograph sufficed to settle for many
years the problem of active forces at work upon the surface

of the moon. Besides their great chart. Beer and Madler
issued a smaller one, which for beauty, accuracy and
moderate price, deserves much wider recognition than it

appears to have received, at any rate in this country.

Once more a lull occurred in the advance of lunar science,

till at length the rapid increase in the power and excellence

of telescopes again forced the question of lunar change to

the front. Selenography, so long neglected in England,
was quickened by the action of the British Association,

which appointed a committee to investigate the matter and
to collect material for an adequate chart of the moon. It

was decided by the committee to draw up an outline map
two hundred inches in diameter. A portion of the work
had been completed when, for some reason or another, the
committee was dissolved. That enthusiastic student, the

late Mr. Birt, attempted to carry forward the work, which
was also helped on by the Seleuographical Society ; but
the latter, in its turn, to the great and permanent loss of

lunar science, succumbed after an all too short existence.

IsLore recently the Liverpool Astronomical Society, and
(in especial) the British Astronomical Association, have
accumulated much material of value, thanks in the main
to the labours of Mr. Thomas Gwyn Elger, one of the most
honoured names in the English annals of selenography.

Before leaving our own countrymen, mention must be
made of the labom-s of Phillips, and of the text-books of

Nasmyth, Proctor, and Neison (now Xevill, Government
Astronomer at Natal). Nasmyth's elaborately illustrated

monograph is based on a series of finely executed models
of the lunar surface, which, for general eflect, have never
been surpassed. Proctor's handbook is noteworthy for the
skill displayed in handling the mathematical aspect of our
satellite. Nelson's great work, with its outline map, is

a monument of patient labour, badly in need, after nineteen
years, of a second and revised edition.

We have seen what selenography owes to German
students, nor have we yet exhausted the Ust, for there
remains to notice the great chart of Julius Schmidt, six

feet in diameter, the labour of thirty years, and containing
no fewer than thirty-three thousand objects. This masterly
production, given to the world in 1877, represents the
furthest complete advanie in lunar cartography, but the
time is soon coming when a much larger and more
elaborate map will be required to keep pace with the
progress of observation. To the bulk of amateurs the
price of Schmidt's chart renders it inaccessible. Nelson's

is, however, an excellent substitute, and smaller but very

perfect maps are those of Madler (already mentioned),

Mons. Gaudibert (a very fine production). Prebendary

Webb (in his " Celestial Objects," with its charming
description of the moon), and Mr. T. K. Mellor. Mr. Elger
also has just issued a map and handbook, which are

of the greatest possible interest and value.

So far we have dealt with drawings and charts of the

moon ; we have merely mentioned the elaborate models of

Nasmyth, and have said nothing of such paintings as

those of Harrison and others. But space demands that

we pass to what bids fair to revolutionize the art of lunar

delineation, and to greatly advance our knowledge of the

constitution of the moon, if not to unlock its long-hidden

secret. When, in ISiO, the distinguished American
scientist, Dr. John William Draper, secured the first

photograph of the moon, he little thought what splendid

triumphs the sensitive plate would achieve in the ensuing
half century, or that the chemical image would far outrun

the most skilful fingers in depicting the intricate scenery

of the lunar surface. The earlier moon photographs were
small and comparatively uninteresting, but increased

attention was given to the subject, and in the sixties

Dr. Rutherfurd, of New York— to mention but one worker
out of many—achieved very noteworthy results. It was
soon found that, by enlarging these photographs, consider-

able detail could be made out ; but not until the great

reflector on Mount Hamilton was turned upon the moon
were the possibilities in this direction fully realized.

In 1888, Prof. Burnham was placed in charge of the

photographic work of the great thirty-six inch telescope,

and secured a number of negatives of unsurpassed excellence

and beauty. In 1890 the work was renewed by Dr. Holden
and others, with the object of securing a series of

photographs so complete as to cover the whole history of

a lunation, and to include photographs made at various

critical stages of libration. It was soon found ( Dr. Holden
tells us*) that the Lick negatives " contained a wealth of

detail quite unknown in previous work of the kind, and
that they were admirably suited to provide the data for a

new study of the moon's topography." It was impossible

to examine the negatives properly at Mount Hamilton, and
negotiations were, therefore, opened with Prof. Ladislas

Weinek, director of the Imperial and Royal Observatory of

Prague, an astronomer of great experience and an exquisite

draughtsman.
Sets of Lick photographs were placed at Dr. Weiuek's

disposal, and he tells us minutely in the Mount Hamilton
" Publications " how he proceeded with the work. Mean-
while experiments in enlarging had been made at the

Lick Observatory, both directly in the telescope and also by
subsequent exposure in the camera. The former were not

particularly successful. The latter showed that enlarge-

ment lip to a scale of three feet to the moon's diameter,

and even more, was perfectly feasible. Such photographic

enlargements were also made elsewhere ; amongst others

by Baron Rothschild, of Vienna, Jlons. Nielsen, of

Copenhagen, and Mons. Prinz, of Brussels.

Dr. Weinek, when he commenced his work on the

Mount Hamilton negatives, was dissatisfied with these

photographic enlargements, and determined to turn his

great skill as a draughtsman to account by making
enlarged pencil drawings from the original photographs

examined by transmitted light under a magnifier. Equally
astonishing are the labour expended and the beauty and
accuracy of the results, the enlargements being the most
graphic and correct representations of the lunar surface

* Publications of the Lick Observatory, Vol. III., 1894.
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that have ever been produced. When these enlargements
first appeared their revelations were received in many
quarters with incredulity, but close examination tends to

confirm their correctness and to render certain the existence

of the minutest details, not only in the photographs, but on
the moon itself.

These magnificent hand enlargements, as we have seen,

cost Dr. Weinek immense labour. His study of Copernicus
alone occupied him two hundred and twenty-five hours.

The distinguished astronomer was then led, in conjunction

with Dr. Spitaler, to study closely the problem of

photographic enlargement, and has been fortunate enough
to discover a method (which for the present he reserves)

of greatly reducing the grain, the cnij- of the whole
problem of enlargement. The results achieved by the new
process are remarkable, especially when we study them as

applied to the moon photographs obtained at the Paris

Observatory by Messrs. Loewy and Puiseux of that estab-

lishment. These photographs are obtained with an
equatorial caude of eighteen metres (sixty feet) focus and
sixty centimetres (thirty-three and a half inches) aperture,

with an exposure of half a second. They are exquisite

productions, and superior, if that were possible, to the

Mount Hamilton photographs. Dr. Weinek has enlarged
portions of them to a scale of thirteen feet to the moon's
diameter, that is, double the scale of Schmidt's celebrated

chart.

An examination of these enlargements shows, as was to

be expected, much detail not found on the finest maps, and
they will be of the highest value in the production of the

next great chart of the moon—a chart which will as much
surpass the classic map of Miidler as Madler's does the

quaint map of the old selenographer of Dantzic.

[Dr. Weinek has very obligingly forwarded two of his

enlargements of portions of the moon, to illustrate Mr.
Mee's paper. The original photograph was taken by
the Brothers Henry on March 1-ith, 1894, at 6h. 38m. 57s.,

Paris mean time, and the enlargements as made by
Dr. Weinek were on a scale of four metres to the lunar

diameter, a magnification of 23-36 times linear. In the

accompanying reproductions a scale of two and a half

metres to the lunar diameter has been employed, the

actual scale, therefore, being somewhat greater than
that of Schmidt's great map. The two regions repre-

sented are Albategnius and Maurolycus. Both are well

known as amongst the finest examples of lunar walled-

plains. The former was included in the photograph of
" Sunrise on Ptolemaus," published in the number of Know-
ledge for December, 1894, Albategnius and Ptolemaus
being neighbour formations. It is 64'G miles in diameter,

and is surrounded by a mountain wall of great height
and steepness, the loftier peaks of which have a height
of ten thousand feet or more. The principal new
marking discovered by Dr. Weinek in this region is a
crater pit about two miles in diameter, on the level floor

of Albategnius and S.W. of the central mountain, about
halfway from it towards the outer wall. The region of

Maurolycus has been much more fruitful in new objects,

some of which are indicated in the little sketch-map
subjoined. Amongst these, special attention may be drawn
to the chain of four crater-x^its just within the east wall of

Maurolycus, and a very distinct rill proceeding from a
newly-discovered crater-pit and crossing the outer southern
wall of the plain. Two new objects are also shown on
the tloQr of the ring-plain Barocius, from one of which a

rill proceeds in a N.E. direction.

I should like to add just a few words to Mr. Mee's
admirable resume of the progress of selenography, and to

refer to by far the most complete collection of lunar

photographs at present in existence, that taken under the
direction of the late Prof. Pritchard with the twelve- inch

De la Rue reflector at the Oxford University Observatory.
The photographs, which exceed one thousand in number.

noO
were taken for the purpose of measuring the lunar libra-

tion. Though from their small size—the image ol the

moon being scarcely more than an inch in diameter

—they cannot compare with the photographs taken

recently at Lick and at Paris, yet many of them show
much beauty of detail, and bear considerable enlarge-

ment.—E. Walter MAUNiU'E.]

Hcttcrs.

[The Editor tloes not hold himself responsible for tlie opinions or

statements of correspondents.]

FLUCTUATIONS OF MIRA CETI.

To the Editor of Knowledge.

Sir,—The letter on Mira in the March number of

Knowledge leads me to ask, what has been the experience

of observers of that star this year on your side of the

Atlantic '?

The writer, working with a field-glass, has seen two
maxima and two minima of Mira, also two each of E Leonis,

during the past month, and a well-known astronomer,

who confirms these observations, saw similar fluctuations

of R Trianguli about the same time.

The two first named are still visible—Mira as -l-S mag-
nitude and R Leonis as 5-3 magnitude.

Yours faithfully,

Memphis, Tenn., U.S.A., Davto Flanery.

15th March, 1895.

[The following three letters from experienced observers

of variable stars on the point raised by Mr. David Flanery

do not directly confirm his observations ; though the

difference in the date of maximum as fixed by Herr Plass-
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mann and by Col. Markwick is at least not inconsistent with

them, and the latter observer is ready to accept a slight

variation in the light of Mira near maximum.—E.W.M.]

Sir,—During the month of February, 1895, I could

only observe a steady increase in the light of ]Mira Ceti.

The fluctuations observed by Mr. David Flanery can be

explained, I venture to think, by errors of observation ;

especially from the influence of twilight and of the full

moon of February Oth. When I say that the light of

Mira was on the increase throughout the month of February,

I mean up to February 15th or 20th, when the maximum
was reached. Yours very truly,

•T. PL.^SSMiNN.

Dear Sir,— I can quite endorse the statement of Mr.

Flanery as to fluctuations of light of some of the long

period variables at maximum. I think there can be no

doubt that at or near the maximum the light varies a little
;

in the case of Mira, hardly enough, however, to enable the

deduction to be drawn that tu-o maxima had occurred.

The curve of brightness of Mira, for season 1886-7, as

delineated on p. 303, Yol. lY., Journal <//' the British

Astronomical Asxoaation, will show what I mfan. The
general "mountain," or "hump," is broken by several

small hillocks or irregularities which are hardly high

enough to be called separate maxima. This season my
observations of Mira indicate the same phenomenon. The
day of actual greatest brightness was March 12th. Of
course, too much stress should not be laid on small

differences of brightness, for they may not always be real,

but be due to errors of judgment in estimating brightness,

to the varying brightness of the background on which the

star is seen, and last, but not least, to the notorious

difliculty of estimating correctly a ruddy star, such as Mu-a
is at maximum.

I have noticed the same feature in U Orionis (see p.

531, Yol. LIV., M<inthhi Xotires, B.A.S.), and think

that, after making allowance for all possible sources of

error, there is a real fluctuation, in the case of the above-

mentioned stars, similar to what is seen in the curve of

sunspot frequency. Yours sincerely,

Ordnance House, Gibraltar, E. E. Markwick.
April 11th, 1895.

Deak Sir,—I am sorry not to be able to say anything
for certain about Mr. Flauery's observations, as neither of

his stars are on my working list, .ludging, however, by
analogy, I should require very strong evidence before I

placed much confidence in the observations.

In my opinion very little faith can be put in visual

observations to less than a magnitude, unless several

comparisons are made with stars of which the magnitudes
have been accurately estimated beforehand. In my own
observations, I always compare with five stars, of which I

have estimated the magnitudes over a period of at least

six months, taking the mean value as my result.

Yours very truly,

25, Bryanston Square, C. E. Peek.
AprU 10th, 1895.

[Mr. Flanery writes again, under date April 11th, to

point out that Pi Leonis appeared to him to reach its

maximum on March 22nd-23rd, twenty-two days ahead of

the time predicted by Mr. Sadler (Knowledge, for April,

p. 91), and that this is the second year that this has

happened. Mira, on the other hand, was many weeks
behind time, fluctuated greatly whilst under observation,

and at its brightest did not reach much more than 4-5

magnitude.]

PRISMATIC COLOURS OX THE CLOUDS.

To the Editor of Knowledge.

Sir,—I have recently observed on several occasions the

phenomenon of prismatic colours on the clouds, caused by
the sun shining through a thin veil of cirrus or cirro-

cumulus. Sir J\ Herschel (" Lecture on Optics ") alludes

to this as an "extremely rare phenomenon," which is

doubtless true as regards England, but in this clear at-

mosphere I have seen it four times during the last two

mouths, though I did not remark it during the earlier part

of the year.

The colours are not vivid, but may be described as

beautiful transparent flushes, like those on the haliotis and
other well-known ornamental shells. This morning they

were more perfect than I have seen them before, and
formed a double circle round the sun on a veil of light

cirro-cumuli, passing at a great rate, the tinge next the

disc being opalescent white, then rose-pink, and beyond a

greenish-blue, the two latter being repeated, after an
interval, on the second ring. At one point all the

prismatic colours were visible, but less brilliant, of course,

than in the spectrum. Beneath, near the horizon, was a

long, wavy line of milky-white cloud, of which the brightness

varied slightly, brighter patches seeming to shift along it.

The parhelia of Arctic voyagers are represented here by

the not infrequent appearance of irregular, faintly prismatic

patches (" sun-dogs ") on each side of the sun when low. I

have only once or twice seen two, and then the right hand
patch was much the fainter. Commonly only the one on

the left of the spectator is %-isible. The phenomenon of

" moon-dogs " is much rarer. On the one occasion that I

have seen it, only oi)e was visible, and that was colourless.

It is not uncommon to see auroral appearances in the

daytime. On the afternoon of October 30th, between

three and five, I saw an unusually extensive display, the

sun being about twenty degrees above the horizon. An
arch of a smoky-brown colour advanced and raised itself

nearly to the altitude of the sun. At one time it formed

quite a broad band, then grew thmner, varying again more
than once. Below it were several broken bands of the

same colour, fringed with opalescent white, and below

them a darker strip of a dull coppery purple. Early in

the phenomenon I saw a milky hue, in a thin irregular

band, spread itself to some distance over the clear sky,

something like a streamer in the nocturnal displays, only

horizontally instead of vertically. On the horizon were
small irregular bands of a coppery colour, but displaying

faintly prismatic tints. At one side of the large arch a

small strip of sky was of a beautiful green ; a green tint

was also observable in the opposite quarter of the horizon.

Perhaps this was due to the contrast between the blue and
the dun colour of the arches, or perhaps to the spreading

of a strip of opalescent white over clear sky.

The appearance of an auroral cloud at the same time as

the prismatic colours in the first-described phenomenon
seems a curious coincidence, if nothing more. I should be

grateful for any further information on the point, and also

with regard to the so-called " sun-dogs."

Ebor, Manitoba. Arthur Paery, B.A.

[The " phenomenon " of the prismatic colours on the

clouds may be observed frequently when nearing the snow
line on the Swiss Alps.]

Note.—The first part of this description seems to refer

to corona rather than halo ; corona being generated by
water refraction, halo by that of ice. Yery beautiful

colours do occur, though rarely, in corona? ; but prismatic

colours in clouds are not a great rarity, excepting in a very

brilliant form. There ought always to be some colour
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when the solar rays pass clear through cirrus. " Sun-

dogs " appear to be formed when the refracting crystals

are limited to a small area of cloud. Parhelia, in hot

weather, usually develop a patchy mass of prismatic light,

which sailors would call " sun-dog." The subject is a

wide one.—S. Baruee.

MIEAGE I^^ THE DESERT.
To ilie Editor of Knowledge.

SiE,—I wish to know in what position the sun is

during the phenomenon of a mirage in the desert '? Is

it opposite to the appearance, as in a rainbow '? Is the

sky of the desert land blue or a glare of white '? (I am
not alluding to sunrise or sunset.) Is colour traced in

the mirage, or merely a neutral, misty appearance ? I

have heard statements made contradictory one to the

other. People seem to know very little on the subject.

Yours truly,

(Miss) F. Stephens.

Fern Cottage, Lincoln Eoad, Dorking.

[In the mirage of the Sahara and other arid deserts, the

soil has become heated by the presence of the sun, and the

prospect seems bounded by a general inundation, not

depending upon the exact position of the sun as in the

rainbow and mountain - giants. The observer sees in

the distance the reflection of the sky and of terrestrial

objects, as on the surface of a calm lake. The terrestrial

objects have, of com-se, an inverted image. The distance

of the apparent water is so great that the colour of the

sky and terrestrial objects cannot be discriminated, any
more than at a distance the inverted images of trees are

seen in a Highland lake. The villages beyond appear as

islands in the midst of a great lake. Under each village

its inverted image is seen as it would be if reflected from
the surface of a sheet of water. On approaching, however,
the deceptive inundation recedes, and the reflected image
vanishes, to be succeeded by another, as some more
distant object comes in sight. It is explained by the

heating and consequent rarefaction of the air in contact

with the hot soil. The density in the lowest stratum
of air (a foot or so in thickness) increases upwards, and
rays entering this stratum at a small inclination are

bent upwards in a manner resembling " total reflection,"

but with the corner rounded off. Skylight rays descending
become bent upwards ; the eye receives an impression
resembling that produced by the reflection of skylight

from water. The illusion is rendered more perfect by the

flickering due to convection currents, which causes an
appearance like a breeze playing over the illusory water.

—

J. G. McP.J

Notices of ^Soofts.

Molluscs and Braclwqiods. By the Eev. A. H. Cooke,
M.A., A. E. Shipley, M.A., and F. E. C. Eeed, MA. Pp.
635. (Macmfllan and Co.) 17s. The Cambridge Natural
History, of which this volume is the first published instal-

ment (though it is really the third volume in a series of

tenj, is intended, to quote the publishers' circular, " in the
first instance, for those who have not had any special

scientific training, and who are not necessarily acquainted
with scientific language. At the same time, an attempt is

made, not only to combine popular treatment with the
latest results of modern scientific research, but to make
the volumes useful to those who may be regarded as serious

students in the various subjects. Certain parts have the
character of a work of reference." We think, however,
judging from the volume before us, that the general reader

will find the series unsuitable for his mental digestion.

For instance, on the third page, a tropical beach is

described in this manner : "On the rocks at high water
mark, and even above them, occur TruncatcUa, Mclampm,
Littorina, and Siphoiiariu

; where a mangrove-swamp
replaces the rock, on the branches overhead are huge
Littorina, while three species of Cei-ithidia crawl on the

mud, and Cijrena and Area burrow into it. Lower down,
in the rock pools at half tide mark are Ccrithium, Purpura,

Oiiijilialius, Anacliis (2 sp.) JVassa, and several Crepidula."

The description runs on in the same strain for a whole

page. Of course, it cannot be held for a moment that

readers unacquainted with malacological nomenclature can

have the faintest interest in such an enumeration of forms

of moUuscan life, and by no stretch of imagination can it

be regarded as a pabulum in which the public " who are

not necessarily acquainted with scientific language " will

find delight. But though the work does not appeal to those

who like to assimilate knowledge almost unconsciously, it

is undoubtedly readable in many of its parts, and is far

better illustrated than any work covering the same
ground.

Mr. Cooke is responsible for the main part of the

present volume, but the treatment of recent and fossil

Brachiopods has been entrusted to Mr. Shipley and Mr.

Eeed respectively, both of whom are leading specialists

in those groups. After an introductory statement of the

position of moUusca in the animal kingdom, and the

basis of classification into Cephalopoda, Gasteropoda,

Schaphopoda, and Pelecypoda, Mr. Cooke describes the

convenient grouping into Glossophora and Aglossa. The
subsequent arrangement of matter is noteworthy and

commendable. Not until the habits and general economy
of mollusca have been fully considered are the animals

systematically treated, and their geographical distribution

considered. A point worth mention relates to the use

of snails as an article of food. Judging from Mr. Cooke's

account, it would seem that in this country snails are

very rarely eaten. We have, however, seen dishes piled

high with snails in the oyster bars of Bristol, and have

eaten and enjoyed them there, and in other parts of the

West of England. Mr. Shipley's chapter on recent

Brachiopods is chiefly concerned with the anatomical

structure of the animals. Indeed, little can be said about

the habits and natural history of the Braohiopoda. The
group owes its chief interest to the immense variety of its

fossil forms throughout the whole series of geological

formation, and Mr. Eeed briefly reviews the chief

characteristics of those genera which have the greatest

geological importance. Having sketched out the lines upon

which the volume has been constructed, it only remains

to be said that if succeeding volumes are like this one, the

Cambridge Natural History will rank as one of the finest

works on natural history ever published.

Froi/ress of Scicnci'. By .1. Villin Marmery. Pp. 358.

(Chapman and Hall.) 7s. 6d. Whoever is responsible for

the series of pufts pasted inside the cover of the copy

of this book received by us fur review, whether it is the

author or the publishers, should know it is in very bad

taste. Surely it is for the reviewer to decide whether the

book is "remarkable for accuracy," or exhibits "great

exactness "
; and it should be left for him to say that " the

work will prove the most instructive of its kind." The

least that can be said about such action is that it is calcu-

lated to do the book more harm than good. The place for

the fourteen numbered paragraphs setting forth the claims

of the book to favour is not inside a review copy.

Putting this matter aside, we are of opinion that the

book will be found handy for reference, though it is by no
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means complete or entirely accurate. We do not find any

mention of the works of Airy, Buckland, Prestwich, Cayley,

Andrews, Dana, Giekie, CroU, Jansseu, Mallet, Sir John

Franklin, Newcomb, Eowland, Angstrom, and many others,

though space is given to their lesser contemporaries. On the

other hand, in the chapter dealingwith the progress of science

among the Arabs, from the ninth to the fifteenth century,

many names unfamiliar to European readers will be found.

Dm'ing this period the Arabs were in the van of civilization,

and they really form the connecting link between the Greeks

and ourselves. To quote Mr. Marmery, " They improved

upon mathematical and astronomical knowledge
;
gave us

algebra (solving even cubic equations), extended trigo-

nometry, and thus met the needs of celestial geometry.

But they left their mark for all times equally in medicine,

physics and chemistry." In another chapter, the author

makes a comparison between Roger Bacon and Francis

Bacon, and shows pretty conclusively that the latter drew

all his inspiration from his namesake. In our opinion,

this is the best chapter in the book. The Elizabethan

Bacon is effectually stripped of the plumes borrowed from

the earlier Bacon—the man of the thirteenth century.

In a book of this kind, covering so wide a ground, mistakes

are inevitable. Errors certainly occur, but we do not think

they are so numerous as to render the book useless, though

they necessarily detract from its value as a work of refer-

ence. The subject for wonder should not be so much the

mistakes committed as (to use an Irishism) the mistakes

that might have been made, but are not. Mr. Marmery
essayed to accompHsh a difficult task, and the result indi-

cates that he was a trifle too ambitious. His selection of

names as representatives of modern science shows clearly

that his judgment of the relative importance of scientific

work is frequently faulty. Specialists in all branches of

natural knowledge may well address to him the question,

" Who made thee a prince and a judge over us ?
"
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THE FUNCTIONS OF THE HAIRS OF PLANTS.
By J. Pentland-Smith, M.A., B.Sc.

THE merely descriptive botanist must exist in a

paradise amongst the structures with whose
functions we are about to concern ourselves, for

their variety and beauty of form is almost endless.

A consideration of their uses, however, and of

their influence on the distribution of the plauta which bear

them, is a, much more intellectual pleasure.

and varied functions

It must be confessed at the outset that, although in the

majority of cases the biological significance of the hairs on

plants is perfectly obvious, there are many instances in

which it is impossible to conjecture their function.

Hairs may arise from any member of a plant—from the

root, stem or leaf—and occasionally their presence may
be observed in large internal spaces. In point of origin a

hair is an epidermal structure—that is, it originates from

a cell of the epidermis, or outer skin of the plant. The
hairs of the root remain as simple prolongations of

epidermal cells, but those found on other portions of the

plant may develop in various ways, either remaining aa

smgle cells or becoming difl'erentiated into two or more
cells, which occasionally display a differentiation with

regard to function.

The glistening hairs forming a downy covering on the

leaves of certain plants owe their shiny appearance to the

presence of air in their cavities. In many other cases the

hairs of the leaf and stem at maturity contain protoplasm,

a nucleus, and generally a large quantity of cell-sap.

The root-hairs always belong to the latter category.

It would be an impossible task to compress into the

limits of a short paper the many
performed by hairs, and the

endless modifications of structure

subservient to them. We shall

content ourselves, then, with a

five-fold physiological grouping of

these structures, and shall give a

few examples of each group.

I.—Hairs may be regarded as

absorptive organs. The hairs of

this class always retain their

protoplasm, nucleus, and cell-sap.

The root-hairs, as we have already

noted, belong to it. Carbon,

hydrogen, nitrogen, oxygen, phos-

phorus, potassium, magnesium,
calcium, and iron are the elements

from which the food of a green

plant is produced. It normally

obtains them all from the soil

(with the exception of carbon and
oxygen, which it derives from the

air) in the form of compounds
called mineral or inorganic salts,

and water. The salts must be

soluble in water or dilute acids

to be available for the nutrition

of the plant, as it is only in this

form that the roots can absorb

them. In search of these they

ramify through the soil. The general surface of the root

does not act as an absorbent ; the root-hairs alone perform

this function. They contain solutions of organic acids

which are denser than the solutions of inorganic salts in the

soU, and a current is thus set up from the outside inwards.

It passes cell by cell to the interior of the root, where it

enters the vascular bundles, which carry it up the stem to

the leaves (see Fig. 1). It is to be specially noted in passmg

that this solution is very weak—it might be compared to

tap-water—as we shall have to speak by and by of the aid

given by certain hairs to the process of getting rid of the

excess of water.

The root-hairs by secreting organic acids help to dissolve,

and so render available as food, salts insoluble in water.

Roots can thus be made to trace out their course in the

soil, if a polished slab of marble be placed at a suitable

depth uadergrouud. It may be noted from Fig. 2, which

Fig . 1 .—Transverse section

ot portion of root of Maize
{Zea miis). per., pericyle

(from which young roots

arise); end., endodermis, or

buudle-sheath; rase, bundles,

vascular bundles which con-

duct crude nutrient material

from roots to leaves.
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Fig. 2.—Lower por-

tion of stem and
"rhizoids" of Funaria
liiigvometrica. iVotice

the soil partieles cling-

ing to the hairs.

is a semi-diagrammatic representation of the " rhizoids
"

and part of the stem of a very common moss (Funaria

hyi/rometrica), that particles of soil are adherent to the

large rhizoids (root-hairs). As the specimen from which
this was drawn was washed repeatedly in water and
.brushed with a camel's-hair brush, it is evident that the

hairs of the plant clmg firmly to the

soil particles. In addition, then, to

absorbing water, they fasten the

plant in the soil. The attempt to

clean thoroughly the roots of a maize
seedling will make this obvious to

the reader. To obtain a specimen of

it without injury to the root-hairs, it

is necessary to germinate the fruits

in water or damp sawdust.
Negative evidence in support of the

absorptive function of root-hairs can

be obtained by the examination of

the roots of a water plant, such as

Potamogeton, or the aerial roots of

an epiphyte, such as an orchid. In

the former there is no necessity for

such organs, as the whole root is

surrounded by water, and in the

latter there is a special modification

of the cortical and epidermal cells,

enabling these plants to condense and
absorb the moisture of the air. In

the case of a few epiphytes, however,

the presence of root-hairs must be

noted, but the plants bearing them grow in damp, shady
situations, where there is no chance of these dehcate

organs being dried up.

Root-hairs are short-lived. As the roots increase in

length, new root-hairs are developed at a short distance

behind the growing point, and the old ones die off. The
plant is thus continually brought into contact with fresh

sources of food.

In higher plants the absorption of water by the stem
and leaves is the exception, not the rule. The outer

layers of the epidermal cells are, moreover, less imperrious
to water, being infiltrated with a substance called cutin, or

covered with a coating of wax, which renders them quite

impervious. We shall now cite a few instances in which
the epidermal cells are modified into hairs that act un-

doubtedly as absorptive organs. One of the most curious

is found in the common ash. The upper surface of the

midrib of the leaf is deeply grooved, the lips of the groove

meeting above except at the points of origin of the leaflets.

Water falling on the leaflets runs into the tube at these

points, and once entered, its evaporation is prevented.

Prom the under surface and sides of the tube arise multi-

cellular hairs. When the transpiration of water from the

leaf exceeds the supply brought up from the roots, these
hairs absorb the water in the tube. Thus there is a guard
against desiccation of the leaf.

The common chickweed {Stellaria mfdia) is an annual
plant that abounds as a weed in cultivated places. Its

native habitat is the banks of streams, and road sides. It

is quite devoid of hairs excepting a ridge down one side,

between the pairs of opposite leaves, as seen in Fig. 3. Long
hairs are also borne on the margins of the petioles or leaf-

stalks. After a shower of rain the surface of the leaves is

quite dry, but the water is retained by the ridge of hairs.

Let us consider more fully the action of these bodies. If

the supply of water is in excess of what can be retained by
the hairs of the uppermost ridge, it flows to the pair of

opposite leaves situated immediately below, where a certain

amount is held by the cUiate hahs of the petioles, while
the superfluous supply flows down to those on the ridge

below, and so on. A quantity of water thus bathes the
bases of the hairs on the stem and leaves. The hairs are

multicelliTlar filaments, with nucleus, protoplasm, and cell-

sap. The upper cells, according to Kerner, do not absorb
water, but it passes through the basal cell-walls, and is

absorbed by the protoplasm and passed on to the interior

of the stem or leaf. As proof of this, he instances the fact

that when the water has dried ofl' the ridges the cell-walls

of the basal cells exhibit a striated appearance, which can
only be accoimted for by supposing a loss of water from
their interior. A good absorber is a good transpirer, unless

special provisions are made to prevent transpiration.

These basal cells, then, having no special protection,

exhale in dry weather the water they previously absorbed
in wet. It is somewhat diflicult to account for the use of

the extra supply of water in this case. Many plants

growing by the banks of streams are likewise endowed.
In damp situations it would appear at first sight that such
a supply is superfluous. Perhaps Kerner's explanation,

put forward for similar cases, and which seems to be the
only one forthcoming, is the correct one. Nitrogen is one
of the main constituents of plant food. As we have stated,

a green plant normally obtains it from the soil in the form of

soluble inorganic salts. This constituent of food is lacking

in sufiicient quantities in marshy situations, hence we find

plants like Drosera (sundew) and Pinguicula (Butterwort)
inhabiting these regions, endowed with capturing and
digestive apparatus enabling them to obtain nitrogen from
the bodies of living animals, which they retain, kill, and
then digest. Certain members of the pea tribe are able to

make use of the

nitrogen of the air

(see March and April

numbers of Know-
ledge, 1894) as a

source of food, but

it has never been

contended that there

is any reason to

suppose that other

higher plants are

likewise endowed.
In the air, however,

ammonia and nitric

acid are present

in very small quan-

tities. They are

carried to the soil by
rain water, and it has been estimated that from four to

twenty pounds of nitrogen in the form of nitric acid may
be distributed annually over an acre of gi-oimd by the

rainfall. May it not be the case, then, that the tiny

droplets of water retained by the leaves of this plant after

every shower of rain contain in the aggregate a supply of

nitrogen sufficient to make up for the deficiency in the soil,

which, being absorbed in the mamier indicated, materially

benefit the plant ?

A very pretty contrivance for absorption and retention

of water is seen on the under surface of the leaves of the

Alpine rose (Rhudodendron hirsutum). It consists of a

number of multicellular hairs, each shaped like a disc,

supported by a short stalk. Each hair is lodged in a

depression on the under surface of the leaf, generally

situated below a vein. The cells of the glandular hairs

secrete a resinous matter that forms a brown incrustation

on the under surface of the leaf. When rain falls on the

upper surface it soon reaches the under surface, partly by

Fig. 3.—Portion of stem of Stellaria

media (chickweed), enlarged. Notice

the unilateral ridges of hairs, and the

hau's on the petioles.
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the agency of the marginal hairs. This results in the
sweUing up of the resinous material and the absorption of
water by the glands. In dry weather the resin, drying
up, encrusts the glandular hairs, and thus prevents
evaporation from their surface.

Similar provisions for the absorption of water during
wet weather, and its retention during dry periods, are
marked in the family of the Saxifrages. In Sdxif'raiin

(lizoon, the evergreen saxifrage, the small somewhat
fleshy leaves are deeply serrated, and on the upper surface

of each tooth there is a weU-marked depression, whose
base is lined with cells secreting carbonate of lime. The
presence of this substance gives quite a greyish-white
appearance to the leaf margin. The incrustation is held
in its place by knobbed hairs that arise from certain of

the epidermal cells. This saxifrage, in common with its

allies, is found in rocky situations, where, subjected to the
action of a strong sun, it stands much chance of desicca-

tion. The incrustation of lime serves to prevent the
evaporation of water, but when rain comes it soaks under
the crust, and the delicate walled secreting cells can now
act as absorbents. In dry weather the crust sinks down
again, and plugs up the cavity ; but it often happens that,

even with these provisions, the leaf becomes so dried up
that it curls upwards, thus cracking the lime stoppers,

which would be easily blown away by a strong wind were
it not that each is held in its place by the hau's whose
presence we have already mentioned.
The stem and leaves of the Pelargoniums (the

" Geraniums " cultivated in our glass-houses are really

Pelargoniums) bear numerous unicellular and multicellular

hairs. Two forms of these

are represented in Fig. 4.

In many cases the latter

are more swollen at the
tip than the specimen to

the left of the figure, and
they then receive the name
of capitate hairs. The
outer wall of the apical cell

is very thick, but in wet
weather it swells up and
becomes converted into a
resinous material, which
peels oif, and permits of

the passage of water into

the interior of the cell.

The resinous matter is

secreted by the cell, and is

boimded on the outside by
a thick layer of cuticular

substance, which peels off with it. Then the cell secretes
a fresh supply of resinous substance, that hardens as the
weather becomes dry, and so prevents evaporation from
the outer surface of the hairs.

II.— Hairs also function as maintainers of a free passage
for the flow of water vapom- from the stomata. The very
dilute solution of nutrient salts absorbed by the root-hairs
passes up the stem chiefly through the special conducting
layers of tissue called the vascular bundles, whose termina-
tions are the veins of the leaves. From the leaves the
superfluous water is evaporated, not from the general
surface, for that, as we have seen, is more or less impervious
to water, but by specially modified organs called stomata
(Greek crrcu^a, a mouth). If the evaporation of water be
retarded, it stands to reason that the plant will receive
less nourishment than when the process is being actively
carried on. Any obstacle, then, that prevents the free

transpiration of water will be detrimental to its growth.

Fig. 4.^Portion of epidermis and
underWiiig tissue of Pelargonium,
ivitli secreting hair (c), and a sharp-
pointed hair.

Fig. 5.—Transverse section

of portion of leaf of Oleander
{Nerinm oleander), with pit

on lower surface, ii., stomata;
A, hairs.

Thus, any contrivance which prevents the blocking up of

the stomata, by water or other substances, will be more or
less efi'ective in promoting the

development of the organism.

The leaves of Xcrium oleander

(the Oleander), a plant com-
monly grown in our glass-

houses, and much used during

summer for outdoor decoration

on the Continent, have their

stomata situated at the base of

deep pits in the under epidermis.

The entrance to these is guarded
by a large number of compara-
tively long unicellular hairs,

that arise from the sides of

the cavities. A transverse

section of a portion of an
Oleander leaf is represented in

Fig. 5 ; St. are the stomata,

and /( the hairs ; ep. is the

epidermis of the under surface.

A surface view of a portion

of the epiderrnis is shown
in Fig. t>, the lettering being

the same as for the previous

tigure. The hairs are not

wetted by moisture. They
prevent water which may pass

to the under surface of the leaf from blocking up the

stomatic orifices. As the Oleander grows in damp situa-

tions, transpiration, and consequently growth, would be
retarded were there not some means of preventing the
excessive moisture to which it is subjected in its native

habitat (the banks of streams and similai-ly moist
situations in Southern Europe) from blocking up the
stomatic orifices by drops of water.

This is exemplified in a still more remarkable manner
by the rolled leaves of Azalea prucuDibens, and Kerner
states that it is common to rolled leaves from all parts

of the world. In Auilea pro-

cumhens, the trailing Azalea,

the leaf is rolled inwards, as

shown in Fig. 7. There is

a marked ridge of tissue below
the vascular bundle of the

midrib, dividing the under sur-

face of the leaf into two well-

defined longitudinal grooves.

From the under surface of

the epidermal cells depend fila-

mentous processes of the cuticle,

which
,
perhaips , strictly speaking,

we should not term true hairs,

as they are solid, not hollow.

This species of azalea grows
in situations where the under-

lying soil is moist for the greater

part of the year, and thus renders transpiration from the

leaves a matter of difficulty. Hence it is necessary that,

when bright sunny weather does make its appearance,

the plant should be able to take full advantage of it. This
is eft'ectually provided for by the arrangement in question.

Moisture does not wet the hair-like cuticular processes,

and so the passage of water into the stomata is prevented,

and a clear air space is maintained around the stomatic

orifices.

HI.—A third function performed by hairs is that of

protection. There are innumerable instances in which

Fio. 6.—Surface Tieiv of

pit, with hairs and stomata
of the foregoing.
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Fig. 7.—Transverse section of half of leaf of

Azalea procumhens. st., stomata ; A, cuticular

processes—" hairs " of epidermal cells.

hairs, or hair-like structures, have evidently arisen for this

purpose. The ordinarj' Hawlcweed (HierKcium }}iIosella)

affords us a good example of this. It is a plant belonging

to the natural order CompositiP (the daisy order), and
resembles a dandelion in some respects. It is widely

distributed in liritain. The under surface of its leaves

is covered with hairs that have lost their protoplasmic

contents, and whose cavities are filled with air. Air, as

is well known, is a bad conductor of heat. The greater

the heat the greater tbe transpiration, and conversely a

decrease in temperature involves a corresponding decrease

in evaporation, other conditions remaining the same. Thus
the hairs of this plant form an effective screen from the solar

rays, and lessen

the amount
of transpiration.

That this is the

function of these

structures is

fairly apparent.

The ground in

which the plant

grows frequently

dries up, and
then it is found
that the leaves

curl upwards,

and so expose
their felted under
surface to the

Sim, thus effectively lessening the chance of desiccation.

A still better example of a plant provided with protective

hairs is the Edelweiss ((riutpJialixin leontopoilium), which
grows in the Alps at a height of from five thousand to six

thousand feet. Its leaves appear like tufts of wool, so

densely are they clothed on both surfaces with long multi-

cellular hairs, filled with air. The cuticle of the epidermal

cells is thin, and thus affords no protection to excessive

transpiration. These hairs not only form an effectual

safeguard in this respect, but also protect the plant in a

very efficient manner from frost and cold.

The epidermis of the leaf of Eleagnus is covered with

large stellate hairs, as is shown in Fig. 8, which have a

similar protective function ; but a more remarkable
example of a plant with leaves covered with protective

structures is the Bochca {Sa.rifraga) falcata, a native of

South Africa. The hairs of this plant assume the form of

enormously swollen bladders. The leaf is very succulent

and the ordinary epidermal cells are thin-walled. The
walls of these bladder-like hairs are impregnated with

silica, and the bladders fit into one another so as to form
a complete siliceous coat to the surface of the leaf. They
thus effectually protect the desiccation of the underlying

tissue. By careful focussing a distinct nucleus may be
observed in some of these swollen cells, implying, of

course, the presence of protoplasm and cell-sap, and
showing how effectually the flinty armour performs its

work. A transverse section of the epidermis from the leaf

of Rochea is shown in Fig. 9.

A very effective coating of protective hairs is exhibited

by the male shield fern i Xephrodiwn Jili.r-mas). The young
leaves and the upper part of the stem are densely covered

by innumerable scaly hairs, sometimes termed ramenta,
destitute of cell-contents. These must be especially

serviceable in shielding the plants from the injurious

effects that follow sudden changes of temperature, and
they protect the delicate growing portion from cold and
excessive moisture.

The deposition of pollen upon the stigma is called

pollination, and there are many contrivances to prevent
self-pollination, and also many others to ensure cross-

pollination—that is, the deposition of pollen from another

Fia. 8.- Under surface of leaf of Eleagmis, with
stellate hairs.

plant (of the same species). In certain cases it has been
shown that the seeds produced as the result of cross-

fertilization are more numerous and superior to those
resulting from self-fertilization. Cross-pollination is often

efl'ected by insects, and to attract them plants may go to

the expense of secreting nectar. But the sweet juice

attracts insects that are too small to effect the work of

cross-pollination, as well as effective larger ones. If the
former succeed in obtaining the coveted secretion, the plant
will have spent its energies in vain. Means are, therefore,

taken to frustrate the attempts of these small animals
at visiting the flowers, and hairs are often the agents
thus employed. These hairs pour forth a sticky secretion,

in which the unwary insect becomes entrapped, and
meets an ignominious death. As an example of this

we may cite the Silcne muscipula, or Catchfly, a very
common British plant belonging to the natural order

Caryophyllacefe
(the pink order),

which has received

its name from this

circumstance. The
sticky hairs are

only developed on
and near the floral

region of the stem,

and offer an effec-

tive trap for un-

welcome guests.

IV.—A fourth
use to which hairs

are subservient is

again connected with the pollination of flowers. In some
cases the hairs prevent self-pollination ; in other instances

they are the active agents in effecting it. The Compositfe
afford us very good examples of both cases. The plants

belonging to this order are characterized by the possession

of five stamens attached to the petals, whose filaments are

free from one another, but whose anthers are united into

a tube. The upper part of the style is bifurcated, but the
forks are at first closely apposed, and their outer surface

is covered with hairs. The inner surface of each fork is

the stigmatic surface. The upper part of the style is

enclosed by the anthers while the flower is young, but by
and by an increase in the length of the style occurs causing
the upper hairy portion to push its way through the anther
tube like a bottle brush, dislodging the contained pollen

Fia. 9.—Transrerse section of upper part

of ejiidermis of Rochea (^Saxifragi) falcaia^

witli bladder-shaped hairs (A), whose walls

are impregnated with silica; ep., ordinary
epideiTnal cell ; si., stoma.
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grains, which may fall on neighbouring flowers or be
carried off by insects. In this way their self-pollination is

prevented ; but afterwards the lobes of the style turn

backwards, bringing part of the stigmas into contact with
some of the lower hairs on which pollen grains are still

adherent. Thus self-pollination may take place if cross-

pollination has not been efl'ected.

V.—Hairs are of great use in aiding the dissemination

of fruits and seeds. Everyone knows the fruit of the

dandelion, ^^•ith its long stalk, bearing a crown of long
delicate hairs, that enable it to be wafted considerable

distances by the wind. Then, again, the seeds of the

WiUow herb (Epilobium) are furnished with beautiful white
hairs, which act in the same manner as those of the

dandelion.

Instead of losing their cell contents like those we have
cited, the hairs may remain succulent, and thus help to

produce a pulpy fruit, which, attracting birds and other

animals, acts indirectly in the dissemination of the seed.

The orange is a good example of such a case. The pulpy

portion is wholly composed of enormously long unicellular

hairs.

Some 3Jltctnt patents.

Carl Haraann, Rheinbeck, Germany. ImproTements in gear for

transmitting rotary motion. This gearirg is adapted for the trai's-

mission of great power, and comprises a rotating disc a, having on
each side, near its periphery, rollers r and »•', turning on gudgeons
i i'. Also a double tappet turning on a shaft m, the two tappets

being spirally shaped and situated one on each side of the disc. The

tappets are so constructed that as soon as one of them, I, leaves the
roller r, which it has driven forward, the other, b\ on the otlier side

of the wheel, comes into contact with the roller »•', and drives the
latter forward. The tappets are formed to impart uniform movement
to the wheel a.

No. 24,53-1. Bafed 20th December, 1893. Accepted 21th Jammni.
1894. Thi-ee fif/iires.

Washington Hudson, Chai'lton, Kent. An improvement in clocks
and watches adapted to determine the
meridian. This invention consists in the
addition of a third hand C, revolving once
in twentv-four hours, as shown in the
llgure. The hour hand A is lengtlu'ncd
in the direction of D. B is the minute
hand. At noon, when the hour hand A
is at XII., the third hand C is at YI.
Then, if the hour hand A is directed
to the sun, the meridian hand C will

point to the north, and will continue to

do so at any time, whenever the hour
hand A is pointed to the sun.

JVo. 23,219. Dated 2nd December. 1893. Accepted 20th Jaimnri/.
1894. Tiro fffvres.

John James Eojle, Great
Bridgewater Street, Manchester.
Improvements in stoves. This
invention refers to that class of

stoves in which a prepared car-

bonaceous fuel composed of

charccal or other carbonaceous
matter is burnt, the fuel being

highly compressed, and burning
without emitting smoke and ob-

jectionable fumes. The figure

is partly in section. A is a fire

box or inner casing, closed with

a tightly fitting lid B. C is the
gi-ate, sujiplied with air throiigh

a pipe D. E is a bell to keep
the ashes away from the pi))e

D. L is an opening fitted with

a regulating shutter M to regu-

late the rate of combustion.
K is a vaporizing dish. I is

the outer casing, and I' is a per-

forated cover. This stove may
be used in ventilated rooms
without any flue. The inventor

has described another arrange-

ment of stove for bed rooms,

fitted with a small flue.

Ifo. 11,207.

Xine fgvres.

Dated 9th June, 1894. Accepted ISth April, 1895.

THE FACE OF THE SKY FOR JUNE.

By Herbert Sadler, F.E.A.S.

THE Sun's disc continues to be diversified by spots

and faculiB, though they are decreasing.

Mercury is well situated for observation during

the first half of the month. On the 1st he sets at

lOh. 9m. P.M., or 2h. 5m. after the Sun, with a

northern declination of 25- 18', and an apparent diameter

of 7'0", yo'V*'^^ of ^^^ ^^^^ being illuminated. On the 6th

he sets at lOh. 6m. p.m., or Ih. 57m. after the Sun, with a

northern declination of 21° 23', and an apparent diameter

of 8-4", -ry\,ths of the disc being illuminated. On the 11th

he sets at 9h. 51m. p.m., or Ih. 38m. after the Sun, with

a northern declination of 23° 9', and an apparent diameter

of 9-4'', about one quarter of the disc being illuminated.

On the 16th he sets at 9h. 29m. p.m., or lb. 13m. after the

Sun, with a northern declination of 21° 46', and an
apparent diameter of 10-4", yV''ot'^s of the disc being

illuminated. He is at his greatest eastern elongation

(23f°) on the 5th, and in conjunction with Jupiter on the

afternoon of the 8th, Mercury being |° to the north.

While visible he describes a direct path in Gemini,

without, however, approaching any conspicuous star very

closely.

Venus is an evening star, and is now a resplendent

object in the western sky. On the Ist she sets at llh.

18m. P.M., or 3h. 14m. after the Sun, with a northern

declination of '/3° 53', and an apparent diameter of 16^",

y^'oths of the disc being illuminated. On the 10th she

sets at llh. 11m. p.m., or 3h. after the Sun, with a

northern declination of 21° 49', and an apparent diameter

of 17-V', tVo'^^s of ^^^ "^^^^ being illuminated. On the

20th she sets at lOh. 55m. p.m., or 2h. 37m. after the Sun,

with a northern declination of 18° 44', and an apparent

diameter of 19j", jo^hs of the disc being illuminated.

On the 30th she sets at lOh. 35m. p.m., or 2h. 17m. after

the Sun, with a northern declination of 15° 1', and an

apparent diameter, of 21^", tcs'^s of the disc being

illuminated. During the month, Venus describes a direct
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path from the confines of Gemini through Cancer into

Leo, passing through part of Prsesepe on the 13th.

Both Mars and Jupiter have left us for the season.

The minor planet Pallas is in opposition to the Sun on

the 7th, her magnitude at the present opposition being

about equal to an 8j magnitude star. She transits on the

2nd at Oh. 41m. a.m., with a northern declination of

25" 16' ; on the 14th at llh. 44m. p.m., with a northern

declination of 25" 31'
; and on the 26th at lOh. 47m. p.m.,

with a northern declination of 25" 1'. Her path through
the month is described in the constellation Hercules. She
is in conjunction with the 3j magnitude star S Herculis at

9h. 45m. P.M. on the 20th, 22^' to the north, and with the

65 magnitude star 62 Herculis on the 29th, 10 to the

north.

Saturn is, notwithstanding his somewhat low altitude,

favourably placed for observation. He rises on the 1st at

3h. 56m. P.M., with a southern declination of 9° 28', and
an apparent equatorial diameter of 18|" (the major axis of

the ring-system being 42^" in diameter, and the minor
12-0"). On the 10th he rises at 3h. 27m. p.m., with a

southern declination of 9'^ 22', and an apparent equatorial

diameter of I85" (the major axis of the ring-system being
42" in diameter, and the minor llf "). On the 18th he
rises at 2h. 55m. p.m., with a southern declination of
9° 19', and an apparent equatorial diameter of 18" (the

major axis of the ring-system being 411" in diameter,

and the minor II5"). On the 30th he rises at 2h. 7m.
P.M., with a southern declination of 9° 18', and an
apparent equatorial diameter of 17|" (the major axis

of the ring-system being 40|" in diameter, and the

minor IIV')- Titan is at his greatest eastern elon-

gations at llh. A.M. on the 2nd and 10|h. a.m. on the

18th ; and lapetus at his greatest western elongation

on the 20th. During June, Saturn describes a short

retrograde path in Virgo, without approaching any naked-

eye star very closely.

Uranus is an evening star, and but for his great

southern declination would be well placed for observation.

He rises on the 1st at 5h. 41m. p.m., with a southern

declination ot 16° 45', and an apparent diameter of 3-8 '.

On the 30th he rises at 3h. 42m. p.m., with a southern
declination of 16° 21'. During June he describes a short

retrograde path in Libra, without approaching any naked-

aye star.

Neptune is in conjunction with the Sun on the 6th.

There are no well-marked showers of shooting stars in

June.

The Moon is full at llh. Om. a.m. on the 7th ; enters her
last quarter at llh. 28m. p.m. on the 15th ; is new at

9h. 51m. P.M. on the 22nd ; and enters her last quarter

at 2b. Im. p.m. on the 29th. She is in apogee at 3h. p.m.

on the 13th (distance from the earth 251,320 miles) ; and
in perigee at noon on the 5th (distance from the earth

225,260 miles). At 8h. 46m. p.m. on the 2nd the 5th
magnitude star \|/Virginis will make a near approach to the

lunar limb at an angle of 217". At lOh. 44m. p.m. on the

6th the Si magnitude star r Seorpii will disappear at an
angle of 185°, and reappear at lOh. 59m. p.m. at an angle
of 206°. At lOh. 44m. p.m. on the 9th the 6th magnitude
star B.A.C. 6666 will disappear at an angle of 03°, the
star rising at the time, and disappear at llh. 56m. p.m. at

an angle of 283°. At lOh. 47m. p.m. on the 25th the 0th
magnitude star 83 Cancri will make a near approach to

the lunar limb at an angle of 23°. At 8h. 4m. p.m. on the
26th the l^ magnitude star a. Leonis (Kegulus) will dis-

appear at an angle of 147°, the Sun being above the
horizon at the time, and reappear at 8h. 50m. p.m. at an
angle of 275°. At 8h. 8m. p.m. on the 29th the 0th

magnitude star 28 Virginis will make a near approach to

the lunar limb at an angle of 34°, the Sun being above the

horizon at the time.

Ci^fss €oIttmn.

By C. D. LococK, B.A.Oxon.
^

Communications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Sohition of May Problem.

(N. AlUston.)

Key move.— 1. P to QB4.

Followed by 2. Kt to B5.

Correct Solutions received from Alpha, W. WiUbv,
H. S. Brandreth, J. T. Eeeve, J. T. Blakemore, E. W.
Brook, W. 0. Brigstocke, F. G. Ackerley, F. V. Louis,

W. W. Strickland, A. Louis, C, W. Greenwood.

F. V. Louis.—Two out of the four mates are pure.

J. T. Blakemore.—Shall be glad to receive a three-move
problem from you.

ir. WiUhij.—Your criticism is just.

PROBLEMS.
By A. C. Challenger.

No. 1.

Black (6).

White (7).

White mates in two moves.

No. 2.

Black (5).'

White {(',).

White mates in three moves.
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CHESS INTELLIGENCE.

The semi-final round in the Southern Counties competi-
tion has now been completed. On May 8th Sussex beat

Northamptonshire, without much difficulty, by ten games
to five. In the other division Gloucestershire played
Wiltshire ; the result depends on the adjudication of half

a dozen games, but it is practically certain that Gloucester-

shire will be left in to contest the final tie with Sussex in

-June.

The correspondence match between Paris and St.

Petersburg resulted in a draw. Paris won the close game,
in which they had the move ; while St. Petersburg

succeeded in winning what should have been a drawn
ending, the result of an Evans Gambit.

Mr. D. Y. Mills has again won the championship of

Scotland. It is stated that he intends to assist Gloucester-

shire in their match with Sussex this month. This

energy should be an example to the latter county.

The award in the Cluss-^lonthUj Problem TournaHaent is

at length published. Of the English composers, Messrs.

B. G. Laws and G. Hume were the most successful, the

former winning the first prize in the four-move section,

and being placed in both the other direct-mate sections,

while Mr. Hume won the first prize both for three-move
and four-move sui-mates.

Herr von Bardeleben, of Berlin, began a match of five

games up with Mr. Blackburne on April 25th at the British

Chess Club. Progress has been rather slow, and the

games of some length, the present score being Blackburne,

three; Bardeleben, two; drawn, two. The English player

is, perhaps, not equal to his opponent in book knowledge,

but atones for the deficiency by superior ingenuity and
unrivalled skill in the end-game. We give below the

opening game of the match. .The conductor of the Black
forces is easily recognized as Mr. Blackburne by the

unusually late development of the Queen's Bishop, and by
the playing of the King's Bishop to K2.

" Vienna Opening.'

1.

2,

3.

4.

5.

6.

7.

8.

9,

10,

11,

12,

18,

14

15,

16,

17,

18,

19
20,

21,

22
23

Bardelebeu.

White.

PtoK4
Kt to QB3
B toB4
P to Q3
KKt to K2
Castles

PtoBl
BxP
B to QKtS
EP X Kt
P to E3
P to K5
B to R2
P to Q4
QtoQ2
QR to Qsq
K to Esq
E to KKtsq
Q to Ksq
PxPep
Q to^K48

Q to B7
KR to Bsq

1.

2.

3.

4.

5.

C.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18,

19.

20.

21.

22.

23.

Blackburne.

Black.

P to K4
Kt to KB3
Kt to B3
P to Q3
B to K2
Castles

PxP
Kt to QR4
KtxB
P to BH
P to Q4
Kt to E4
P to KKt3
Kt to Kt2
Kt to K8
P to Kt3
B to E3
B to KKt4
P to KB4
QxP
Kt to Kt2
E to B2
Kt to B4

24. Q to K5
25. QxQ
26. R to B2

24. R to K2
25. BxQ
26. QR to Ksq

^W^-
m..

%
i.,.,^..,»3..

^p
White.

27. R
28. P
29. R
30. R
31. P
32. P
33. R
34. B
35. R
86. E
87. B

to Esq
to KKt4
xB
xE
xB
to Kt4
to Qsq
to Kt8
to Esq
xP
xE

27. BxKt
28. BxQP
29. ExKt
30. ExE
31. Kt to Kt2
32. Kt to Ksq
38. Kt to B3
34. Kt to K5
85. KtxP
36. ExE
37. P to QKt4 and wins
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THE SUGAR CANE.
A. Barber, M.A., F.L.S. {latf StijieriiitemUnt of

A(jricuUiire of the Leeuard Islands).

IN
the year 1892 the world's production of sugar was
estimated at close on fifty million hundredweight. It

may be broadly stated that of this quantity half is

obtained from the sugar cane grown in the tropics,

and half is extracted from the beet-root of the tem-

perate region. Sugar is also produced from sorghum, the

maple, several palms, and from starch ; but these sources

may be neglected in a general estimate.

The consumption of sugar varies very greatly in difi'erent

countries. Thus it is calculated that the inhabitants of

Great Britain and Ireland require seventy- two pounds per

bead annually, the quantities used by other countries being

fifty-two pounds in the United States, twenty-five pounds

in France, and only seventeen pounds in (Germany. To us,

then, as a nation, the physiological action of sugar upon
the system is a matter of considerable importance. When
first introduced into Europe it played a prominent part in

medicine, and it would be interesting to turn up the old

medical works to see what it was used for.

To-day it is a conspicuous article in our diet, and its

true value as a nutritive substance is becoming more and
more widely i-ecognized. Interesting experiments have
quite recently been carried out in schools, as to the etfect

of adding several ounces of sugar daily to the diet of the

boys ; the result being that they are found to be capable

of performing an increased amount of muscular exercise.

Be that as it may, the efiect of unlimited quantities of

sugar cane juice upon the labourers on West Indian estates

is seen every time the crop is reaped. However weak and
starved-looking the negroes are when the first canes are

cut, they rapidly improve in condition : and, although the

labour in the field is exceedingly heavy, towards the end of

crop-time they are conspicuously sleek and well-fed.

They are daily met carrying home a fine cane or two upon
their heads as perquisites.

Wray, a writer upon the sugar cane, asserts that it

has been absolutely proved that man can not only exist

but become stout and healthy on
sugar, and sugar alone. He in-

stances the case of the crew of a

ship bringing home a cargo of sugar

from the tropics. By calms and
disasters, provisions ran short and
were at last absolutely exhausted.

The starving crew had recourse to

their cargo of sugar. This not only

sustained the men, but actually

cured them of the scurvy which
had made sad havoc among them.

Supplied by this providential food,

they reached their port in safety.

Of the main sources of sugar

supply, the beet-root was first grown
for this purpose barely one hundred
years ago, while the cultivation of

the cane is known to have been

carried on before the Christian era.

We Imow that several centuries

before Christ the cane juice was
sucked or expressed in India,

although the art of making solid

sugar seems to have been discovered

much later. The plant is not known
to occur wild in any part of the

world— a fact which, of itself, points

to great antiquity—and it is accord-

ingly diflicult to determine its

original habitat. The name is,

however, derived from the Sanscrit

Sarluni, and more recently the

Arab Sukliar ; and from this and

other facts, it is deemed likely that

the plant was originally obtained

from the coast of India north of the Indian Ocean, or

from the mountams of Polynesia in the neighbourhood

of the tropics.

Unknown to the ancient Jews, who used honey for the

sweetening of their food, it was first used in Europe by

Alexander the Great, who, in 327 b.c, brought it as one

of his trophies from the East. Thus Pliny relates that

Alexander found " a remarkable kind of reed, growing in

India, which produced a sort of honey without the

assistance of bees.''

The cultivation was introduced into Persia about 500

A.D.. and great attention was at once paid to the manu-
facture of this valuable substance. We read now for the

Fig. 1.—Two Joiuts of

a C'aledouian Queen Cane
from St. Kitts.
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first time of really fine white sugar—" axe-hewn " as it was
called. This was obtained by repeatedly boiling, straining,
and refining with milk. The Arabs obtained the plant on
their conquest of Persia, and carried it westwards with
them. In 750 a.d., it is stated that the most fertile land
in Egypt was almost entirely under sugar cultivation, and
the manufacture of sugar increased largely. It is said that,
at marriages and festivals at the Arabian court in Egypt,
quantities of sugar were consumed, on individual occasions
amounting, in our reckoning, to from sixty-seven to

seventy-one tons—the annual yield of a small estate.

About the same time it was introduced into Spain by
the Moors.

Next in its westward course the cane was carried to the
Canaries, while in 1493 Columbus took it to San Domingo,
where it increased so remarkably as to become in after

years the main cultivation of the West Indian Islands.
And so it continues to be at the present day, after the lapse
of four centuries.

The sugar cane is now cultivated within the tropics in
both hemispheres, especially in the West Indies, Java,
Mauritius, the Sandwich Islands ; also in Egypt, Queens-
land and the Southern United States. In America its

northern limit is 32", in China 30°, while it is grown in

individual gardens in Spain as far north as 87° of latitude.

There is no more beautiful sight in the tropics than a
sea-girt coast clothed by cane fields. In some islands—for

example, St. Kitts and Barbados—there is no other cultiva-

tion, if one omits the smaller patches of vegetables grown
for local consumption. In all directions one sees field after

field of canes in every stage of growth, from the young plants
just emerging from the black soil to the waving feathery
" arrows " of the mature plants, with here and there the
tall chimney of the half-hidden cane mills. The feeling of
novelty experienced on driving for the first time through
these gigantic grass fields—for the cane is a grass— is not
easily forgotten. Shut in by an avenue of reed-like stems
and waving leaves, one receives a lasting impression of the
luxuriance of tropical agriculture ; and, while fighting one's
way into the cane fields in search of the various pests by
which the plants are just uow so abundantly attacked, one
sympathizes with the ants at home which may be seen
climbing about among the grass stalks.

The sugar cane, as already mentioned, belongs to the
order of grasses—the Graminese of botanists. The follow-

ing is a brief botanical description. Each plant consists

at crop-time of a much-branched underground root-stock,

which gives ofi" a tangled mass of thread-like roots below,
and a buuch of from ten to eighteen aerial shoots above.
The latter, from six to fifteen feet in height, may be
roughly divided into two portions—the lower part, from
which the leaves have dropped or are readily detachable,
called the " cane," and the upper younger part or " top."

The canes are cylindrical and jointed, and of various
shades of green, yellow and purple, sometimes variegated
with beautiful stripes. Those of ordinary cultivated varieties

are from one to two inches in diameter, with joints from
one to eight or nine inches in length. The broad, strap-

shaped leaves arise in two opposite rows from the cane,
one from each node or knot. They are from three to six

feet in length, with a diameter of one to three inches.

Each leaf is di\'ided into two parts— a lower shorter portion,

the sheath, usually of the colour of parchment, which
completely embraces the stem and is attached all round
the node, and a much thinner flat blade of bright green,
with a white mid-rib, or "bone," in the centre and a
finely-toothed edge. The sheath is in some kinds thickly

covered on the outside with long siliceous hairs, which
readily penetrate the skin, while very severe cuts are

i'i:-

;>s^-

^^^Ifnti

sometimes received from the saw-like edges of the blade.

In the axil of each leaf, at the joint, and therefore

completely protected by the sheath, is a solitary bud.
Any bud upon the plant may be

used for propagation, and will,

under suitable conditions, reproduce
the whole plant. At the joint, and
on each side of the bud, is a zone
of several rows of small circular

prominences, which completely en- •.

circles the cane. These are the

adventitious roots, which in contact

with damp earth at once develop

and cause the bud to burst into a

leafy shoot. la the ordinary upright

canes these roots remain dormant,
but when canes are beaten down

;
,

by high winds, or bend by their own '•"

weight, they frequently become V-

fixed to the ground. A cane dug {r ;

out of the mud in Dominica was [:.

found to be nineteen feet in length

and extensively rooted at every joint.

At the upper part of each joint, just

below the insertion of the leaf-

sheath, there is usually a ring of

white waxy substance coating the

surface of the cane. This is

especially well marked in Figs. 1

and 2.

The cane, or lower part of the

aerial shoot, is of importance, as

from it alone is obtained the sugary

juice. It is solid, as contrasted

with the hollow bamboo ; the ex-

terior, or " rind," is hard enough
to turn the edge of an ordinary

penknife, but the interior is soft

and juicy. At maturity the leaves

have fallen off. Two joints of a

Caledonian Queen cane are shown in Fig. 1, where
may be seen the sharp ridge left by the broken-off leaf-

sheath, the buds on opposite sides of the stem, the zone
of dormant roots, and the waxy ring.

The upper part of the shoot, or " top," is made up of

immature joints. These are much shorter than in the

cane and contain no sugar, or very little. The leaves are

all still attached and form a beautiful green plume.
This part of the cane-plant is much attacked by cater-

pillars of different kinds. In the illustration, Fig. 2, four

leaves have been stripped ofi', showing the ragged bases from
which the sheaths have been torn ; two buds are visible,

the two alternating ones being on the opposite side of the

stem. The root zone at the lower, and the waxy layer at

the upper part of each joint, are very clearly shown. The
upper joints still retain their leaves. In the figure,

the "top" is severely attacked by the "moth-borer"
(IHatraa sair/iaralis). the ravages of whose caterpillars are

only too plain.

The sugar cane is usually reaped before it flowers. The
solid stems are carried to the mill to be crushed, while the

tops are saved for planting next year's crop, and the surplus

used as food for the cattle. But if, instead of being cut,

the plant is allowed to grow on for a few weeks, each shoot

will throw up an inflorescence or " arrow." Although the

sugar cane is vegetatively reproduced in ordinary cultivation,

and seed is not used, the flowering of the plant is a matter
of some consequence in agriculture, as thereby the yield of

juice is perceptibly diminished. In this matter there is

V--
-

Fig. 2.—The "Top" of

a Bourbon Cane from
St. Kitts, attacked by
" Borers.'
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great diversity of opinion among planters. In some places

the appearance of much arrowing among the canes is

looked upon with indifference, while in others it is regarded

with apprehension ; and again, it is found that the varieties

of cane behave differently. The Caledonian Queen, for

instance, is much more prone to arrow before reaping than
the Otaheite, as it reaches maturity sooner.

For those not immediately interested in the yield of juice,

the inilorescence of the sugar cane is a very beautiful

object indeed, and few sights in the tropics are more
striking than a field of arrowing canes. A considerable

trade might doubtless spring up if the heads were cut and
prepared so as to prevent the scattering of the flowers.

Each inflorescence is a pyramidal mass of feathery florets,

supported by a shaft or stalk from four to six feet long.

It will be of interest briefly to trace the growth of the

cane-plant from sowing to reaping. The method of propa-

gation universally adopted in the field is that of burying in

the earth pieces of the stem bearing undamaged buds, which
are then called " plants." Such is the vitality of the plant

that the buds thus treated rapidly shoot out, giving off

roots at their bases, and becoming independent plants

almost before the decay of the piece of parent stem. A young
shoot is drawn still adhering to the planted piece (Fig. 4).

The part of the stem chosen for planting is usually the top,

although almost any part with sound buds would do. The
advantages of choosing this part are that there is compara-
tively little sugar

in it, and therefore

there is no loss in

the quantity of sugar

obtained from the

crop; the buds are

closer together, and
there is thus a
greater chance of

obtaining a good
stand; and, lastly,

the buds of this

portion of the cane
are probably in a

more plastic con-

dition. Not infre-

quently, however,
the canes themselves are cut up and laid down, sometimes
in long furrows, as in the United States, at other times

freely scattered over the soil and covered up, as in parts

of India.

When the crop is reaped in the West Indies, before the

canes are carted to the mill, the tops are cut off" and left

upon the field. A separate body of workers come round,

collect the undiseased tops, and trim them for planting.

Pieces are selected from six to eight inches in length, inclu-

ding on an average three buds. These are neatly arranged

in baskets and carried to the liming tank. Here they are

immersed in a mixture of lime and water for about twelve

hours, to free them from unobserved caterpillars, etc. ; and
it is quite surprising what a number of these creatures are

seen shortly afterwards wriggling on the surface of the

water. After immersion they are spread out in the sun
for an hour or so to dry, and are then ready for planting.

The soil of cane fields is usually kept in a fine state of

tilth to the depth of nine inches or more. This is greatly

facilitated by the presence of quantities of decaying vege-

table matter in the shape of the cast-off leaves and dead
roots of the previous crop of canes.

After the field has been cleared of canes for the mill, of

tops for the plants and fodder for the cattle, and finally of

the diseased pieces which have been cast aside in the

Fig. 3.—Floret of Sugar Cane, greatly

magnified. (After Morris.)

bustle of cane-cutting, the new cultivation is commenced.
The whole field is still covered by a thick layer of dead
leaves or "vowra." The first operation is the "ranging"
of the vowra, or drawing it over the stumps of the canes
just reaped. A gang of labourers is then told off to dig a

series of parallel furrows, about five feet apart, throughout
the entire field. The furrows are dug between the rows of

last year's stumps, and the soil is heaped upon the masses
of vowra. The ridges thus formed, or " banks," are

broken up by a plough after a few weeks, and the decom-
position of the vegetable matter contained adds to the

humus, so necessary to the growth of the canes.

After the furrows are prepared the " cross-holing " is

done. A few dexterous strokes of the hoe—which is

almost the only agricultural implement in the negro's hands
—build a narrow ridge across the furrow, to be followed by
another and another till the whole field is honeycombed
with a multitude of square pits. The centres of these

"cane-holes" are about five feet by five apart, although

the distance varies with the locality and the kind of cane.

The cross-holing is intended to collect the rain and supply

the young plants with moisture, and consequently, in wet
regions, they are dispensed with, the furrows becoming
rather a system of drains for carrying off the superfluous

water—canes cannot stand stagnant water.

It is usual to add to each hole a small supply of stable

manure, " pen-manure " as it is called ; but the quantity

available is rarely sufiicient to provide for the entire

acreage of " plant canes " every year. The fields are

treated in succession, so that each has its supply of pen-

manure once every few years.

The pieces of canes selected for propagation, or "plants,"

are pressed down in a slanting position in the bed of the

cane-hole. In a few weeks the tender green blades appear,

and the cane growth has commenced (see Fig. 4). While the

young plants do not cover the ground constant weeding is

necessary, and, in the case of lighter soils, a " cultivator
"

may be driven between the rows. But the dense mass of

cane leaves quickly covers the ground and effectually

strangles any unbidden growths.

It is necessary from the first to be on the look-out for

dying shoots or " dead-hearts." These are shoots which
rather suddenly turn brown and die. They are the sign

of the progress of the moth-borer, which works its way
upwards till the growing apex is reached, when all growth
is checked and the part commences to rot. All dead-hearts

are persistently cut out and destroyed, for fear that the

caterpillars should turn to moths and spread the disease.

Meanwhile the plants are growing apace. Instead of

one or two shoots from each cane-hole, we now see six or

ten, the number constantly increasing with the age of the

plant. The shoots in the " bunches " grow for some
months before any solid " canes " are formed. This

depends to a very large extent upon the season. If the

desired rain is too long withheld, no cane is formed at all

by crop-time, and the field is not worth cutting. This is,

however, not frequently the case. Although the seasons

vary considerably, the rainfall in the tropics is a fairly

reliable factor in cultivation. There are, of course, " dry
"

islands, generally such as have no great elevation.

Antigua, for instance, with a maximum height of some
one thousand . three hundred feet, is liable to droughts.

One such occurred in 1894. The average rainfall may be

taken as from forty-five to fifty inches per annum. On
one estate, in the windward part of the island, nine or ten

inches were recorded in 1894 in as many months, a quantity

with no appreciable effect in the fierce heat of the tropical

sun. It is not surprising, then, that even the cactus

began to wither, and every cane-plant upon the estate died.
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The rainfall is very carefully studied iu tbe drier sugar-
growing islands. Certain stages of the plant's growth
require a much greater rainfall than others, while near
crop-time it is preferable to have dry weather for the
ripening of the canes. The absence of rain during the
growing season appears also to be a direct encouragement
to nearly all the pests which attack the cane-plant, and
this has been markedly so during the last few years in the
West Indian plantations.

We have thus traced the cane-plant in its growth from
the dormant bud to the full-grown " bunch," with its

knotted root-stock and mass of solid upright canes. In
very few islands is the growth of the cane confined to one
season. Where the soil is not too light, and a fair amount
of rain is obtainable, it is usual to allow the plants, after

being cut down, to shoot out again or " ratoon." The
expenses of cultivation

which, in the northern
West Indian Islands at

any rate, is largely per-

formed by hand, are so

great that the economy
of ratooning is at once
evident. Unless the

conditions are very

favourable, however,
this system of ratooning
cannot be employed for

more than two or three

years. As remarkable
exceptions, fields may
be seen in Nevis of

ratoons of ten to fifteen

years' standing. In
Dominica again, where
the cultivation is in

a very backward con-
dition, on one estate,

whose fields are occa-

sionally swept by the
fertilizing waters of a
turbulent river, it is

imj)ossible to determine
when the fields were
last planted—probably
twenty-eight or thirty

years ago. Such is the
fertility of the soil, kept up by the alluvial deposits of the
overfiowing river, that year after year the cane may be
leaped at a profit, and shows no tendency towards dying
out. In the neighbouring island of St. Kitts, which is

diy and possesses an exceedingly light soil, by way of
contrast, only certain fields can he successfully ratooned
at all, and second ratoons are a rarity.

The reaping of "ratoons" and -'plant canes" is

identical. A gang of negro labourers is turned into the
field, armed with cutlasses—heavy iron blades a couple of
feet long and broad in proportion, fastened to a short
wooden handle, to give a firm grip. \ single blow severs the
caoe low down, and a second cuts oft' the top. The cut
canes are rapidly collected into bundles and tied together
with wisps made of the strong green leaves.

The bundles are hurled up and stacked into the lumber-
ing ox- or mule-drays, which crash along the lanes to the
mill-yard, amid the shouts of the drivers and the cracking
of whips. The negro is nothing if not noisy. I'.ach load
i? thrown in a heap on the ground near the mill, and when
thirty or forty have been deposited tlip " mill-tjana; ' start

the''' work.

i"lG. 4.—A Youug Caue Shoot still

attached to the planted piece. (After-

l.ock.)

The canes are placed end-wise between massive iron

rollers, made to revolve by powerful machinery. The
canes are thoroughly crushed, a mere residue of fibre

emerging from the rollers and streams of dirty juice

escaping below. The cane-fibre, or " megass," is quickly

carried away in baskets and spread in the hot mill-yard

to dry. When quite dry—a matter of three or four hours
in the burning sun— it is collected into heaps for future

use. It supplies the fuel for the boiling-house, and it is

difticult to imderstand how it could be replaced in the

absence of all trees and the costliness of imported coal.

It would occupy too much space to follow all the details

of the "boiling-house." Many are the processes through
which the juice of the cane passes before it is changed to

the beautiful brown crystals or white cubes which we
purchase at the stores, or the rum bearing the

•Jamaica brand. The processes, indeed, are many and
complicated, but the principle is the same as that by which
the Persians many centuries ago produced their " axe-

hewn" product. After "tempering" with lime and
boiling down, the crude juice is run into flat wooden
troughs to cool. Here it sets into a dark- brown mass of

wet crystals. By rapidly rotating these in "centrifugals''

the molasses present is driven out, and a refined product
obtained which is fit for the table.

The West Indian plantations, with which the present

article has mainly dealt, are at present in a very depressed

condition. The energetic competition of the beet-growing

European countries, rendered more formidable by enormous
bounties, has reduced the margin of profit to the narrowest
limit. Add to this the fact that diseases of a new and
severe type have recently made their appearance in the

cane fields, and the outlook becomes one of gloom. It is,

indeed, at the present moment questionable whether the

cultivation of tbe cane iu these beautiful and smiling

islands can be continued. It depends to a large extent

upon the beet bounties. If the people of France and
Germany can support the heavy taxation which has been

Fig. o.—Fertile Seed of the .Sugiu-

(.ifter Morris.)

Cane genuiuatiug

recently suggested, the whole cultivation of the cane and
manufacture of its product will need revision.

The (]uestion of cane diseases has engrossed much atten-

tion of late years. Added to the depredations of insects,

wliii^b hnv been known fnv cpiitnrip«. fnntjon'! po'^ts of n,
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much more deadly character have made their appearauce.

Of the many canes under cultivation in the West Indies,

the variety usually grown, the Otaheite or Bourbon, is

much more severely attacked than some others. There

are what appear to be " immune" canes; and one imme-
diate remedy, which has been extensively adopted in St.

Kitts and Barbados, is the substitution for the Otaheite

of some such cane as the Caledonian (^)ueen.

A great stride has been taken during recent years in

another direction. The canes have been propagated from

time immemorial by vegetative means, i.e., by putting in

pieces of the parent plant, so much so that the fact had
apparently been lost sight of that the seed of the arrow is

occasionally fertile ( Fig. 5). The discovery of the possibility

of raising canes from seed is a matter of recent years ; and it

is hoped by this means to reconstitute the plant, to impart

to it a vigour and capacity for resisting disease, and at the

same time to increase its sugar-producing properties.

Bat the path is long and laborious ; the obtaining of

fertile seed by the crossing of varieties is a matter of no
ordinary difficulty, and, once obtained, two years must be

passed through before the first canes can be reaped and
tested. The vast majority of seedlings thus raised are of

comparatively little value, and it is only b ". ; and there

that one is found which is considered worthy of further

trials. Then it has to run the gauntlet of diseases, besides

entering into competition with the most approved sugar-

producing varieties—the products of selection acting

through twenty centuries. Trials have, however, been
conducted in many places—.Java, Mauritius, Barbados,

and Demerara—and the laborious work of Prof. Harrison

in the two last-named colonies is a monument of patient

and scientific application. With continued experiments

of this character, an improvement is certain, judging by
what has been done in other cultivations by seminal selec-

tion ; but the tedious nature of the operation will of itself

serve to deter other colonies, less fully equipped with the

means of carrying on the experiments, from proceeding

with this important work.

SPECTRUM ANALYSIS.-I.

By J. J. Stewakt, B.A.Cantab., B.Sc.Loud.

WHEN sunlight passes through a prism or wedge-

shaped piece of transparent substance it is

bent out of its course ; and if the source

of light is a narrow slit—for example, if the

light from the sun is made to pass through

a small opening in a shutter, the beam of light is spread

out after passing through the prism, and if it is received

on a screen the image of the slit will consist of a broad

band of various colours, red at one end and blue or violet

at the other. This bright and many-hued strip is the

solar spectrum, and its origin is due to the fact that the

amount of bending or refraction which takes place on the

passage of light through a prism depends on the colour of

the light. Blue Ught is more refrangible than red, i.e., it

is farther bent from its original course, and, therefore,

shines on a difi'erent part of the screen from that which is

illuminated by the red rays. The splitting up of the rays

which occurs on the transmission of light through a prism
shows that white light is of a composite nature—that is

to say, it is made up of rays which differ in colour and
refrangibihty.

If sunlight be admitted through a small hole in a shutter,

so as to fall on a prism placed with its refracting edge
horizontal and its base uppermost, the light will be refracted

and bent upwards, and may be received on a screen placed

at a distance. Now, if the prism is gradually turned round

an axis passing through the centre of the prism, and

parallel to the refracting edge, so that the coloured spectrum

produced is more and more bent downwards, and moves
down the screen as the prism is turned, it will be found

that at a certain point in the rotation the spectrum

becomes stationary ; and on continuing the rotation of the

prism in the same direction, the image begins to ascend

and gets higher and higher on the screen. The position of

the prism when, after descending, the coloured image

of the sun turns and begins to go upward, is called the

position of uiiiiiunuii iln-iatiou. For that particular position

the rays are least deviated from their original co\irse, and

they make equal angles with the faces of the prism at

incidence and at emergence—iu other words, the rays pass

symmetrically through the prism.

That white light is made up of rays of different colour

and refningibility was first proved by Sir Isaac Newton.

He also showed that lights which differ in colour differ also

in refrangibihty. By painting an oblong piece of black

paper with red on one half and blue on the other, and then

viewing the paper when thus coloured through a prism, he

found that the light reflected from the blue half was more

refracted than that from the red. Placing the paper

opposite a window, and looking at it through a prism with

its refracting angle downwards, so that the rays were bent

upwards, he observed that the blue was lifted higher than

the red. When the angle of the prism was pointed

upwards the rays were deflected downwards, and the blue

were bent lower than the red. In both positions the light

from the blue half of the paper was more refracted than

that from the red.

The prismatic spectrum is now observed and investigated

by means of the spectroscope. Light is allowed to fall

on a narrow slit placed at the end of a telescope tube ; at

the other end of the tube an achromatic lens is fixed at a

distance from the slit which is equal to its focal length, so

that when the light leaves the lens it consists of a bundle

of parallel rays. This part of the apparatus is called a

collimator. On a movable horizontal table a prism is

placed, and the parallel rays from the collimator are made
to fall upon it. They are thus refracted and are then

observed through a telescope. The spectrum is brought

to a focus by the object glass of the observing telescope,

and is then viewed through the eye-piece. Both the

collimator and the telescope are attached to a graduated

circle, and the telescope is capable of motion round this ; it

can be fixed in any desired position, and this position can

then be read off on verniers attached to the telescope and

moving round on the graduated circle. The spreading out

of a beam of light into a coloured band, owmg to the

varying refrangibilities of the component rays, is called

dispersion. As in the spectroscope the rays leave the

collimator parallel to each other, they are dispersed in

the prism, and on leaving the prism there is a beam of red

hght with a beam of blue Ught at a distance from it, the

red rays being parallel to each other, though inclined to

the blue. The yellow and green rays come between, the

rays of each colour being parallel amongst themselves.

The red rays are thus brought to a focus by the observing

telescope at a definite point, and the blue rays at a

neighbouring but different point. Thus a pure spectrum

may be obtained—that is, one in which the different

colours do not overlap. The position of minimum
deviation is found in this instrument by turning the prism

round by moving its stand till the light is less and less

deviated, and following it round with the telescope, when

at length a position is reached in which, on further move-

ment of the prism, the image of the spectrum in the
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telescope begins to move in the opposite direction. This
is the position of minimum deviation, and any motion of

the prism in either direction will increase the deviation.

The telescope is now clamped in its position and the

reading of the vernier on the graduated circle taken. The
direct reading of the slit is taken by turning the telescope

to view it when the intervening prism is removed. The
difl'erence between this last reading and the former is the

angle of minimum deviation. Observations are generally

made with the prism in the minimum deviation position,

for this position is a readily recoverable one, and obser-

vations at different times and in different instruments can
then be compared with each other.

The distance between the red end and the violet end of

the spectrum is called the dispersion, and this depends on
the nature of the material forming the prism. The
amount of minimum deviation for a given ray depends on
the index of refraction of the material of the prism.

When monochromatic light is used to illuminate the

slit—for example, the yellow light given out by a spirit-lamp

with a salted wick, or by a Bunsen burner in which a lump
of salt is heated—instead of a wide coloured spectrum, a

narrow image of the slit is obtained, of one colour only,

which would be yellow in the above instance. By observing

the minimum deviation in this case, we obtain its value for

certain yellow rays, and when a prism of another substance

is employed, a different deviation for these same rays is got,

and hence, when the angles of the prisms are known, the

indices of refraction of the different substances can be
compared. The refraction caused in light when it passes

through a prism is due to the difference of the velocity of

light through air, and through the substance of the trans-

parent medium forming the prism. If this medium consists

of a block with parallel faces, and the light falls per-

pendicularly upon it, retardation merely ensues, the light

proceeding in the same line after passing through as before,

but if the light falls obliquely it is bent in the transparent
slab at an angle to its first direction, and on passing out
proceeds in a line parallel with its original direction, but
displaced through a certain distance, depending on the

thickness and the refracting power of the slab. When
the refracting substance has faces inclined at an angle,

bending of the rays occurs both on entering and leaving it,

and we have the phenomena observed with prisms. It is

the rays which have the shortest wave-length whose velocity

is most altered in the prism ; these are the rays of

violet light. Thus violet light is most retarded— that
is, it is the most refrangible, its rays being the furthest

deflected from their original direction. Of the rays
forming the visible spectrum, those possessing the longest
wave-length and forming red light are the least bent.

It is pretty certain that the velocity of all the rays
from the violet to the red is the same in the free ether
of space. Now the velocity is equal to the product of the
frequency (or the number of vibrations per second) and
the wave-length ; therefore, these two quantities, which
remain unaltered during the passage of light through space,

ahange, one or both of them on the passage of the
light through dense matter. As the vibration in the
transparent medium is excited by that in the incident

light, its period is likely to be the same, so that it is

probably the wave-length and not the frequency which
changes as the light passes through the prism. Experi-
ment shows that the wave-length of red light at one end
of the \a8ible spectrum is about twice as great as that of

violet light at the other. The range of the vibrations to

which our eyes are sensitive is thus about an octave. The
red waves go through nearly four hundred millions of

millions of vibrations per second, while the violet vibrate

about seven hundred and sixty million million times per

second—that is, about twice as fast.

Solids and liquids, when raised to such a temperature
that they become white hot and luminous, give as a rule

a continuous spectrum—that is, one in which all the

visible rays are represented, from the dark red, right on
through the spectrum to the extreme violet. Gases, on the

other hand, when heated to incandescence and viewed
through a spectroscope, exhibit a spectrum which is made
up of a few or many bright lines on a dark background.

The number and position of these lines depend on the

nature and condition of the gas. One of the simplest cases

of gas spectra is that referred to above, obtained from
the salted flame. Here the incandescent gas is the vapour
of the element sodium, and at ordinary pressures, and at

the temperature of the Bunsen flame, its spectrum consists

of two yellow lines very close together. If the resolving

power of the spectroscope is small, these may appear as

one line. By special methods of investigation, Mr.
Michelson in America has shown that each of these yellow

lines in the spectrum of sodium is made up of several very

close together, but under all ordinary observation they

appear as two, or one double line.

It can be readily understood why the spectrum of a gas

differs from that of glowing solids, for a gas consists of

molecules existing apart from each other and with a

distance between, these molecules being in rapid motion
and frequently coming into collision, but during the greater

part of their course being free from contact with their

neighbours. Not only does the motion of the gas particles

consist in a movement of translation from place to place,

but each has also a vibratory motion of its own, and the

constituent atoms composing the molecule have also

probably relative motions. It is these vibrations of the

molecule which, by communication of energy to the ether,

and thence to our eyes, give rise to the luminosity of the gas.

Now the different varieties of molecule have modes and
frequencies of vibration of their own, which they tend to

assume when shaken up and disturbed by collisions with
their neighbours. The only time during which they can
uninterruptedly vibrate in these characteristic modes ia

when they are on their "free path "—that is, on their course

between two collisions. In gases this time is much longer

than the time during which they are in collision, while in

solids or liquids the time during which a molecule is free

from contact with its neighbours is so small as to be
inappreciable. The molecules are practically always so

disturbed by jostling with their neighbours that they give

out vibrations of all sorts, and thus the rays of light from
strongly heated solids consist of all possible wave-lengths,

and a continuous spectrum is formed.

SCORPIONS AND THEIR ANTIQUITY.
By K. Lydekker, B.A.Cantab., F.R.S.

TO
the circumstance that scorpions have their bodies

protected by a coat of the hard substance techni-

cally known as chitine, the palteontologist is

indebted for a knowledge of their past history and
extreme antiquity ; and it is owing to the preserva-

tion of their remains in the Paheozoic strata of both the

old and new worlds that we are enabled to explain their

present geographical distribution. There are many other

groups of Invertebrates that we can have little doubt are

fully as ancient as scorpions, but which lack a hard
external investment, and whose past history is accordingly

a blank. One of the most remarkable instances of this is

afforded by the peculiar creatures termed Ffrlpatus, repre^
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sentativea of which are found in countries as remote from
one another as South Africa, New Zealand, Australia,

South and Central America, the West Indies, and
Sumatra. These animals have much the appearance of

caterpillars, having a jiair of simple antennae, and a

large number of short, conical, caterpillar-like feet

extending along the whole length of the under surface

of the body, and each terminating in a pair of hooked
claws. They breathe by tracheal tubes, after the manner
of insects, but instead of these tubes opening by a regular

series of apertures along each side of the body, their

openings are scattered in an irregular manner over its

whole surface. And it has been considered probable that

these animals are closely related to the ancestral stock of

insects, spiders and their allies, and myriopods. This
being so, it is evident that I'l lipntux must be an extremely
ancient typo, and there is a great probability that if their

remains were suitable for preservation we should find

evidence of their existence in some of the oldest rocks of

the northern hemisphere. It has, indeed, been assumed
from their present geographical distribution that these, as

well as many other types of animals, have always been
southern forms, and that their presence in the great southern
continents and islands indicates a former union of all the

lands of the southern hemisphere. That there wag a
south equatorial belt of land in Paleozoic times seems to be

pretty evident from certain peculiarities connected with
the Carboniferous flowers of the northern and southern
hemispheres, and it is, therefore, possible that in the case

of I'lripiitus such an explanation may be the true one.

Since, however, paheontology teaches us that many ancient

types have migrated from their original northern home to

find a refuge in the remote parts of the southern continents
and islands, it seems more probable that such has also

been the case with Peripatus. And if we can show that

ttiis has been the case with the scorpions, which now attain

tlieir maximum development in the more southern portions

of the globe, the argument will be strengthened in the case

of Peripatus.

Probably most of my readers are fairly well acquainted
with the external appearance of scorpions, but, for those

who are not, the publishers have reproduced two very

beautiful photographs of a large African species, kindly sent

me by Dr. R. M. Howard, of Namaqualand, and locally

known as the sand-scorpion. Belonging to the great group
of Arachnida, which includes the spiders, the scorpions are

especially distinguished by their compressed bodies, and by
thesharp separation of theeephalo-thorax from tlieabdomen,
the latter consisting of seven segments, and being followed

by six narrower segments, collectively forming the post-

abdomen, the last of which is specially modified into the
so-called sting. The cephalo-thorax or fore part of the
body is covered by a shield-like carapace, upon the upper
surface of which are carried a variable number of simple
eyes, one pair of which is larger than the others, and is

placed dorsally, while the smaller ones are marginal. The
first pair of appendages are modified into short nipping
claws, while the maxillary palpi are greatly enlarged to

form the huge pair of pincers carried on each side of the

head ; aud the four pairs of walking legs are supported by
the first four segments of the thorax. It is important to

add that by means of pulmonary sacks opening by four

pairs of apertures on the sides of the abdomen, scorpions

breathe air, and it is accordingly only in rocka of fresh-

water origin, or such as were deposited near the shore
that their remains are likely to be preserved.

According to the most recent classification, existing

scorpions are divided into four families, of which the first

two are again subdivided into several families. \n im-

portant feature In this classification are the so-called
" pedal spurs," which are found upon the articular mem-
brane connecting the foot, a terminal segment of the legs,

with the segment that precedes it. According to Mr.
E. I. Pocock, the Scorpionidie, or typical scorpions, have
only one such spur, whereas two are present in the other

three families. It will, however, be quite unnecessary to

further consider the classification of the group in this place ;

but it is important to notice that one of the sub-families

of the ScorpionidcF is confined to Africa south of the

Sahara, and the Indian and Malayan countries ; while

another has representatives not only in those regions, but

also in northern Sovith America and Australia. At the

present day, indeed, scorpions are found in Europe only

in the more southern countries, where the majority of the

species are of comparatively small size ; and it is in the

tropical and sub-tropical regions of the globe that the

group attains its maximum development, the largest forms

being, we believe, South American and South African.

No scorpions are found in high northern latitudes, although

they range as far south as Patagonia, and none are known
from New Zealand. The species here figured belongs to

the typical sub-family of the ScvrpionldtE, which is confined

to the Ethiopian and Oriental regions.*

According to the researches of Dr. Scudder, the modern
scorpions agree with one another in that the median dorsal

eye-tubercles are, as a rule, far removed from the front

margin of the cephalo-thorax, and thus placed behind the

lateral eyes. Apparently the only fossil scorpions agreeing

with this group that have been hitherto discovered occur

preserved in amber of late Tertiary age ; scorpions being

quite unknown in lower Tertiary or Secondary rocks.

Needless to say that this is not owing to their non-existence

in these epochs, but is due either to such rocks being

unsuited to the preservation of their remains, or having
been deposited far out to sea.

When, however, we reach the Paleozoic coal-measures,

which are mainly of fresh-water origin, and, therefore, just

where we should expect to find such creatures, remains of

scorpions have been met with both in Europe and North

America, some of the species attaining very considerable

dimensions. Both in these Carboniferous scorpions, and

also in certain still older ones from the Silurian rocks, the

eye-tubercles are placed either on the actual front margin
of the cephalo-thorax, or only a short distance behind it

;

and these forms are thus regarded as forming a group apart

from the modern scorpions. In the Carboniferous genus

Cydiiphthahnus, the median eye-tubercles are immense, and
occupy almost the entire front half of the cephalo-thorax

;

the lateral eyes forming a semicircle behind and to the

sides of the larger ones. The maxiUary palpi form pincers

proportionally as large as in the modern forms, while the

legs have similar double claws. The genus Eoscorpiiis,

which is likewise common to the Carboniferous rocks of

both halves of the northern hemisphere, has all the

general features of the preceding, with the exception that

the arrangement of the eyes is different ; while Proscorpiits,

of the upper Silurian rocks of North America, is also of the

same general type. With Palmophonus of the Silurian of

Scotland and Gotland, we reach, however, a more primi-

tive type, in which the walking-legs gradually taper to thin

extremities, which terminate in simple claws or points,

although the palpi still form large pincers.

Such is the palfeontological history of scorpions ; and a

remarkable history it is, seeing that most of thevery

* Mr. Pocock writes me that he believes the specimen to be

Opisthopthalmu.s pirlKpes:. The total length of the specimen in the

original photograph, which is natural size, is just over live inches.
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Palreozoic types are almost as highly specialized as their

esisting descendants, and thus showing that we should

have to go much further back before we reached the

ancestral type. With the exception of certain cockroach-

like insects, which occur in the middle Silurian, the

scorpions are indeed the oldest land animals, and are

therefore entitled, in spite of their unpleasant propensities,

to our utmost respect.

We have said that in Paleozoic times there existed a

south equatorial land-girdle, distinguished from the land

of the northern hemisphere (from which it was probably

isolated) by the peculiar character of its fauna ; and as the

PaL'eozoic scorpions inhabited the northern land, it is

scarcely likely that they were also found in the southern

zone. Early in the Secondary epoch the latter zone

appears to have been split up, and the continental areas

consequently assumed some approach to their present

configuration. The descendants of the ancient Palfpozoie

scorpions began soon after, in all probability, to migrate

southwards, along the different lines of communication
;

and we thus can readily understand why some of the

existing sub-families are represented in such widely

separated areas as India, Africa, South America, and
Australia, without resorting to any comparatively recent

connection between these countries. In this connection it

is important to notice that the South American and African

scorpions belong to distinct genera.

If such an explanation holds good in the case of the

scorpions, there is no reason why it should not be equally

valid in the instance of Pcripatus. It may be objected

that, whereas in the case of the scorpions we have only

mh-fainHies which occur over such widely sundered areas,

in Pcripatus we have one and the same genus. The
objection would, however, be equally valid if we assumed
that genus to have attained its present geographical dis-

tribution by the aid of a southern band of land, seeing

that there is no evidence that such a tract has existed since

the end of the I'alasozoic or the commencement of the

Secondary epoch.
'

Although not coming strictly within the scope of its title,

this article may be concluded by a brief reference to some
of the habits of scorpions. All scorpions are nocturnal

and somewhat sluggish creatures ; but while some species,

in which the tail is light, carry it stretched nearly straight

out behind, those in which it is heavier habitually curve it

over the back ; and those forms in which the appendage
is carried in the latter manner are further distinguished by
raising their bodies much higher on the legs than is the

case with the others. Some kinds, again, when walking,

carry their large pincers stuck out in front of the head to

act as feelers. All scorpions are carnivorous, while many
of them, in spite of their sluggish appearance, are able to

capture and kill such alert creatures as cockroaches. Mr.
Pocock, who has kept scorpions in captivity, writes that

"as soon as a cockroach is seized, the use of the scorpion's

tail is seen, for this organ is brought rapidly over the

latter's back, and the point of the sting thrust into the

insect. The poison instilled into the wound thus made,
although not causing immediate death, has a paralyzing

effect upon the muscles, and quickly deprives the insect of

struggling powers, and consequently of aU chance of escape.

If the insect is a small one—one in fact that can be easily

held in the pincers and eaten without trouble while alive

—

a scorpion does not always waste poison upon it. Thus I

have seen a Parahuthm (one of the genera of scorpions)

* It may be well to state that there are many fatal objections to the

th"orv of an Antarctic continent, which united Soutli America,

Africa, and Australia, having existed in Tertiarv times.

seize a bluebottle fly, transfer it straight to its mandibles,

and pick it to pieces with them while still kicking

An insect is literally picked to pieces by the small chelate

mandibles, these two jaws being thrust out and retracted

alternately, first one and. then the other being used : the

soft juices and tissues thus exposed being drawn into the

minute mouth by the sucking action of the stomach."
Old fables die hard, and none is more persistent than

the legend that the scorpion, when surrounded by a

ring of fire, puts an end to its existence by turning its tail

over its back and stinging itself to death. No matter that

naturalists have proved that their poison is innocuous to

their own kind, and that scorpions are killed by a very

moderate elevation of temperature, the old, old story is still

as firmly believed as ever by the general public.

In an article published in the last edition of the

Ennjclopcedia Britannicn, the Rev. 0. P. Cambridge refused

to believe that there was any substratum of fact in the

popular legend, but Mr. Pocock, writing in Nuturc for 1893,

is more merciful. He thinks, indeed, that a scorpion may
occasionally sting itself, either by a random blow meant for

an unseen enemy, or when it has been irritated by the contact

of any strong stimulant, such as acid or mustard, or even
that in the madness of pain it may be driven to turn its

weapon on itself : but that in any case there is any
intention of causing its own death cannot for a moment be

admitted.

Although, probably, many of my readers are acquainted

with it, for the benefit of those who are not, I must conclude

with a well-known Indian story. Where scorpions and
centipedes abound, it is the general custom of servants in

India to turn their master's boots upside down before

helping to put them on. In the instance in question, where
this precaution had been omitted, a cavalry officer had just

put his foot into a regulation boot, when he felt something
sharp touch his heel ; with the greatest promptitude he
lifted his leg and stamped violently on the ground in the

hope of destroying the supposed scorpion before it had time

to use its sting. He found that a spur, with the rowels

uppermost, had been inadvertently dropped into the boot !

SOME PLANETARY CONFIGURATIONS.

By Lieut. -Col. E. E. Makkwick.

THE aspect of the planets in the sky at any given

time has always been an interesting subject, and
was one of the most important branches of the

Old World astronomy. The Egyptians, Chaldseans,

Babylonians, Greeks, and other ancient peoples

studied the heavens by naked-eye observation, ages before

the invention of the telescope, and the varying positions

of the planets must have been well-known phenomena
to them. Why, more than to us in England in the

nineteenth century ? They could see these things under
much more favourable circumstances.

Firstly, because in their latitude—say about 36° N. as

a mean—the equator, where it cuts the horizon, is tilted up
at an angle of 54°, and hence, even supposing that the

conditions of seeing were the same as ours, the planets

—being confined within certain limits north or south of

the equator—must be first seen in the evening at a higher

altitude than in a latitude where that circle slopes at a

less angle to the horizon. This is illustrated in Fig. 5,

which shows a portion of the equatorial belt, 47' wide,

within which Mercury and Venus are confined relatively to

the sun. The orbits of Mercury and Venus being interior

to that of the earth, and inclined to the ecliptic, they can
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actually be seen sometimes a few degrees outside this belt.

This extra wandering beyond the tropics of Cancer and

Capricorn lias not been taken into account in the figure.

Venu!

•^ectijon ofEquatorial Bell
f/)oki/iff due W. atSiin.sct Lot SZ" ~V

Jupiter

The, same. JLat. 36'

i vv- 30"
Ji'.

Secondly, the people of Chaldiea and Southern Europe

have an infinitely belter climate than we have. Their sky

is more free from clouds and haze, and the transparency of

the air is greater, often allowing bright celestial objects

to be seen down to the horizon. Sir R. F. Burton speaks

of the " glorious desert " with its '• translucent skies that

show the red stars burning upon the very edge and verge

of the horizon."

Thirdly, in Eastern cities, especially in ancient days, the

buildings were probably not, as a rule, very high, and the

flat roots were conducive to studying the heavens without

inconvenience.

Moreover, as a general rule, fires would be little needed,

aud this alone tends to preserve the clearness of the air.

The circumstances of the East,

therefore, are highly favourable to

naked-eye observation, and even
invite it.

Those who have sojourned in low
latitudes—not necessarily within

the tropics, but from 30° to 40°

either N. or S. latitude—will no
doubt remember how favourably the

heavenly bodies are seen, especially

after sunset and before sunr-ise, owing
to the shortness of the twilight. I

have frequently observed in S. latitude 2.5° to 34°, with a

feeling akin to awe, some three or four lustrous orbs blazing

in the evening sky, and Ihey look, perhaps, still more
mysterious when seen in the early dawn. One needs to

have been bivouacing, rolled up in a blanket, to appreciate

an early morning sky. Then no window glass impedes the
view, and as soon as one is awake the bright stars are seen

,

nnd if there are any planets visible, they cannot fail to be
observed. Those who have
travelled on the upland
rolling plains of South
Africa (without tents) will

probably recall such sights,

albeit they are not addicted

to a study of Urania and ^
her charms. ^'

The planet Mercury is

generally considered a diffi-

cult object in our latitude

for naked-eye observation,

although with a little care

at favourable elongations,

and with a clear sky, there

is no difficulty in seeing

him.

In lower latitudes Mercury becomes a

brilliant object, and a very important factor

in all planetary collections where he is

present. On the evening of February
26th, 1894, at Gibraltar, Mercury was seen

after sunset as a brilliant star in the

western sky, when no other celestial body
was visible in the neighbourhood. It seems
to be generally inferred in the text-books on
astronomy that it was somewhat remarkable

that the ancients were acquainted with

Mercury ; but to anyone who has seen that

planet in the latitude of Greece, it would
seem a most remarkable thing if the planet

had not been seen and noted as such.

To illustrate this, two diagrams have been
prepared representing a configuration of

Antares, Venus and Mercury witnessed in

The first represents the planets and star

c

Vcniis

+JutHter

South Africa.

(as they were seen in S. latitude, 20°) on the 30th Octo-

ber, 1880, and the second the position three days after-

wards. Independently of the fact that both Venus and

Mercury were much brighter than the star, the

motion and change of position of the planets in

three days is quite enough to show to the most

casual observer that we have to deal here with

wanderers among the stars.

Perhaps the following, extracted from an

aslrciiomical diary relating to this, may be of

interest ;

—

" 1880, October 19th.—A cloudless sky, with

dry air without a particle of dew. The distance

between Venus and Mercury is not much altered.

The air was so clear down to the horizon that

I saw Mercury and \'enus, and one or two stars

set quite sharply, with a sudden disappearance

quite unlike anything seen in England.
" October 30th.—Mercury and Venus very

finely situated in Scorpio, the contrast of the

two white planets with the ruddy Antares

being pretty.
" November 2nd.—A very fine triangle formed

by Antares, Venus and Mercury, Venus blazing

white, ten times magnitude of the others; Mer-

cury next in brightness, a Httle ruddy, and '"^\

Antares smallest, although a most lovely

flashing red.

"November 7th.—Much interested in watching the

various changes of position of Antares, Mercury and Venus.

1^
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\^iK

Tonigbt the first two are, comparatively speaking, close

together and Venus a long way off."

In Figs. 1 and 2 are shown configurations of Venus,
Jupiter, and Saturn seen on the evenings of February 23rd
and March 2nd, 1881, adjusted for N. latitude 36°. This
configuration was very noticeable on account

of the brightness of the planets.

In 1885 a fine conjunction was witnessed ^
in Bechuanaland, viz., Mercury, Venus, \
Jupiter, and Regiilus. The scale is too

large to bring in Jupiter, but Fig. 3 shows
the other three objects visible on July

16th.

Fig. 4 shows the same three planets and
star (for the same latitude) as visible on
July Slst, 1826, the positions being laid

down from data in the Xautictil Ahiianin-

for that year.

1882, September 20Lh, there was a pretty

combination of Spica, Mercury, and Mars. '

The first two were in the field of the

telescope (a 2| inch refractor) and presented

a beautiful contrast : Spica being a steely

blue and INlercury a rich orange-red colour.

Mercury by far the brighter, both in the

telescope and as seen with naked eye.

Mars a deeper red than IMercury.

1882, October 16th. Venus and Antares

were visible together in the telescope.

Fine contrast between the ruddy hue of the

star and the whiteness of the planet.

Many English readers will probably remember the con-

junction of November 3rd, 1877, when Mars and Saturn

were in the same field ; also that interesting spectacle of

Jupiter and Venus seen so close together in February,

1892.

Suppose the five principal planets. Mercury, \'enus.

Mars, Jupiter, and Saturn, arranged in a straight line,

each being 1° (say), from its neighbour. These can be

arranged in one hundred and twenty different ways.

Kow vary the distance in R.A. and introduce tlie element

of declination, i.e., extend the line into a belt 47° wide,

and we increase enormously the possible combinations.

Throw in one fixed star, such as Antares or Eegulus, and
leave out one or two planets, and

^k. it is evident that we only require
-<"'" sufticient time to get myriads of

tnura configurations—no two of which
would ever be exactly alike.

Of course, the conjunction or

near approach of five principal

planets, as seen from the earth,

is a rare event in the history of

the solar system.

Tliis subject is not usually

much dwelt on in text-books,

but Chambers gives some in-

teresting examples, from which
the following are taken.

From the Chinese records it

is slated that Mars, Jupiter,

Saturn, and Mercury were in ccnjuuction, in tlie constella-

tion Sbi, for which the dates February 28th. 2446 u c, and
Ftbruaiy [Ith, 2141 is.c. have been assigned by two
autliorities.

On September 15th, lls6. Mercury, Venus, Mars, Jupiter,

and Saturn were in conjunciion between the wheat tar of

Virgo and Libia. This must have b^en a wonderful sigLt,

if It occurred at a sufficient distance from the sun to enable

IkcTXury

all these planets to have been seen at once. It would
apparently have been an evening

configuration, and any historical -ijt-

references to this, if they exist, would *"«»

be very interesting.

On November 11th, 1524, Venus,
Jupiter, Mars, and Saturn were very

close to each other, and Mercury only

16= distant.

Exactly twenty years later, on

November 11th, 1544, Venus, Jupiter,

Mercury, and Saturn were included in

a space of 10°.

On March 17th, 1725, \'euus,

Jupiter, Mars, and Mercury were in

the same field of the telescope—a truly

remarkable assemblage.

It will be seen that I have touched

but lightly on a wide subject. For
the mathematician and computer
there is a great field in accurately

calculating all the interesting conjunctions of historical

times. Then there must be many references in histories

and chronicles to the subject, the hunting up of which
would give work to the literary student.

For myself, I am content in simply pointing out the

interest of the subject to anyone who is fond of surveying

the evening or early morning sky, with the only instru-

ment Nature has given him, his eyes. If such an one has
the means or the good fortune to get to latitude 86°, or

nearer the equator still, he will then enjoy, with a zest

increased by comparison with his poor English views, the

splendid sights of planetary groupings he is sure to be

favoured with.

igjf^

THE DIAMETER OF THE FIELD OF VIEW
OF A TELESCOPE.

By Thomas H. Jilakesley.

IN
the last edition of Mr. Webb's most excellent book.
" Celestial Objects for Common Telescopes," and
presumably in earlier editions of the work, the

author, admitting the usefulness of the knowledge of

the diameter of the field of view of a telescope, gives,

as a rule for finding this value, to time the passage of an
equatorial star centrally across the field, and miTltiply the

time so occupied in minutes and seconds by fifteen to

obtain the angular value in minutes and seconds of arc.

The author of the book recommends several trials of this

sort, and the mean value of the angles so obtained is to be

taken as the truest. Now, in the first place, it is obvious

that the menu of such trials is not the best value, but apart

from this consideration, it is by no means an easy matter

to arrange a common telescope so that a star shall pass

through the centre of an open field, and even if the star

has so passed there is no proof of the fact in anything ot

the nature of contact or iuters( ction. The method, indeed,

is eminently of a theoretical character for any but a
well-divided field. In Godlray's "Treatise on Astronomy"
directions of the same general character are given for

finding the diameter of a Eing-micrometer.

The method suggested in this paper is free from the

objections indicated above, especially in the important fact

that the results may properly be meaned. Tlie observed

times involved begin and end wiili definite contacts, and
central passage is not needed. The sun is the heavenly

body employed, so that the observations may be made on
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any fine day, and repeated as often as desired. Moreover,
the declination of the sun is unimportant.
The principle involved is that if two circles move with

a uniform relative velocity, c, so as to make both external

and internal contacts, and if ^j is the interval of time
between external contacts, and t.^ the interval between
internal contacts, the product of the two radii 77 r is equal

to the very simple expression —^-i—^

—

'^-^•

If now the two circles are the sun and the field of view
of a telescope at rest, the radius of the sun is given in the
Xauticiil Almanac, and the value of r may be computed by
dividing the radius of the sun by the time [t^), also given
in the Xautical Almanac, which the radius of the sun
occupies in passing the meridian. In fact, if / refers to

the sun r = — , and we have for the radius of the telescope's

field, /;=
16

In practising this method there would be some uncertainty
about the time of the first external contact, as the sun,
being out of sight the instant before, cannot be watched up
to contact in this case. From the symmetry of the motion,
however, this first point can be computed from the fact

that it must occur as much before the first internal contact
as the second internal contact occurs before the last

external contact.

It is, indeed, very convenient not to take the first contact
into consideration at all, for much the easiest way to
ensure the motion giving the internal contacts is to get
the sun into the field, and then to displace the telescope
slightly in the direction of the sun's motion. Things will
then be in a position to give the first internal contact in a
few seconds, and the two other contacts wanted must
follow as a matter of course. Modified in this way the
equation for the diameter of the field, D, becomes :

—

D= t, «.,

and f.

the result must be increased by 5-5 per

D (in minutes of arc)=
5&8

where ^3 t^ are taken in seconds.

It need scarcely be pointed out that Ring-micro-
meters can be measured in the same way.

2 t„^

When fj IS the interval of time between the first internal
contact and the last (now the only) external
contact,

is the interval of time between the second internal
contact and the external contact,

'o (given in the Katitical Ahiumac) is the time of the
sun's radius crossing a meridian.

/ (given in the Xautical Almanac) is the radius of
the sun.

If «3 t^ are given in the same denomination as t^, well
tnd gotd; but t^ is given in the Xautiial Almanac in
sidereal interval, and it will very olten happen, at least
with amateurs, that t^ and t^ are measured in solar in-
terval. If so,

thousand.

_
The fact that the motion of the &un is not entirely at

right angles to the meridian, would not, under the most
favourable conditions for doing so, produce a greater error
than one part in COO.OCO, and its further consideration
may therefore be neglected. On the other hand, for those
who are content with less rigid approximations to truth,
the equation may be simplified by taking average values
of r and t^, in which case we have, dispensing with the
Nautical Almanac—

NOTICE.

The publishers of Knowledge have the pleasure to

annoimce that Dr. Isaac Eoberts, F.E.S., has kindly

oft'ered to continue in Knowledge his exquisite selection of

Photographs of Stars, Star-Clusters, and Nebulse, and the

first photograph will appear very shortly. The series is

intended to be in continuation of Dr. Roberts' recently

published work, " A Selection of Photographs of Stars,

Star-Clusters, and Nebula," which has contributed

largely to the extension of the knowledge of astronomical

phenomena.

DR. ROBERTS' PHOTOGRAPHS OF STAR-
CLUSTERS AND NEBULA.
By E. Walter Maunder, F.R.A.S.

DR.
ROBERTS has won for himself so high and

well-deserved a reputation by his photographic
studies of star-clusters and nebula?, that I am
assured the above announcement will give the
greatest gratification to every reader of Know-

ledge. More, it will carry out in the completest way the
programme which the late Editor, Mr. Ranyard, especially
proposed to himself. Realizing how marvellous and
powerful a weapon of astronomical research photography
had become, and the yet wider influence which it promised
to have in the future, Mr. Ranyard desired to place the
very best results of astronomical photography in the hands
of his readers, and the last four or five volumes of
Knowledge are a suflicient monument to his energy and
success.

There can be no doubt that in so doing he inaugurated
a new epoch in observational astronomy. Hitherto the
great hindrance to the extension of astronomical observa-
tion has been its cost, and the heavy demands which it

makes upon the time of those who take it up. To purchase
and set up a telescope of sufijcient power to deal with any
object except, say, Jupiter and the Sun and Moon, is beyond
the reach of all but a very few ; to have the strength and
leisure to devote night after night to using the telescope is

a rarer good fortune still. Hence the amateurs who adopt
the microscope for their hobby outnumber those who adopt
the telescope by ten times over and more.
The rise of astronomical photography has altered all

this. We have now many large observatories devoting
much of their equipment to taking photographs—photo-
graphs for the complete discussion of which they possess
no adequate staff'. In so doing they have, as it were,
brought down this or that portion of the heavens within
our reach to handle as we like. The photograph once
taken is for many purposes as good as—for some purposes
even better than— the original object itself.

Here, then, is a fruitful field for those who have neither
the means to erect a large telescope, nor the leisure to
use it. The examination, the measurement, and the
reduction of astronomical photographs may well be taken
up as a most useful and interesting work by many lovers
of astronomy.who would otherwise find themselves debarred
from any active share in the advancement of the science.
We may put the matter more strongly. It not only may
be so taken up

;
it oiii/lu to be, and no doubt before very

long we shall see this new order of astronomical workers
begin to be formed.

We may indeed say that a commencement has already
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been made. The labours of Dr. Weinek, referred to in the

June number of Knowledge, may be cited as a case in

point. The original photographs have been taken at the

Lick Observatory, or by MM. Loewy and Puiseux at the

Paris Observatory," and Dr. Weinek has reproduced them

on a greatly enlarged scale, which has brought into

prominence many new and minute details. Again, at the

Cape Observatory, a work of the first order of importance

has been carried out— a complete photographic survey has

been made of the southern heavens. The measurement

and reduction of this valuable series of plates was impossible

at the Cape Observatory itself, owing to the smallness of

the staif and the total insufficiency of the funds placed by

the Government at the disposal of the Director. But what

the parsimony of the British Clovernment failed to do has

been accomplished by the devotion of a foreign astronomer,

and the plates of the Cape Ihii-chniustcrunij have been

measured and reduced by Prof. Kapteyn.

This work is one not of merely national, but of inter-

national importance, and it is not to be expected that

similar tasks can often be undertaken, or that any amateurs

could in the general way take part in them. An example

of a useful piece of work within the power of many
amateurs may be seen in the reduction, by Mr. A.

Stanley Williams, of a series of photographs of Jupiter

taken and measured at the Lick Observatory, and com-

municated by him to the Royal Astronomical Society

(Monthly Notices, Vol. LI., p. 402).

But that amateurs may undertake work of this descrip-

tion, it is first of all necessary that they be supplied with

the photographs. This was the first object Mr. Ranyard

had in view in the reproduction of so many photographs

in Knowledge. This, too, was Dr. Roberts' chief

purpose in the publication of his volume of " Photo-

graphs of Stars, Star-Clusters, and Nebulfe." These

photographs have been carefully reproduced in a form to

render them available for measurement and reduction.

The scale value is given for each plate, and four or five

fiducial stars are indicated on each, and their places for

the epoch 1900 given, so that the positions of other stars

may be readily ascertained.

These particulars will be carefully given by Dr. Roberts

for the photographs which he proposes to publish in

Knowledge. They will not, therefore, be meielij beautiful

pictures—that they will be such those who know
Dr. Roberts' published volume will feel assured—they will

be available for strictly scientific treatment, and it is to

be trusted that they will not fail to receive it.

The first use to which these photographs may be

expected to be put is to determine the relationship between

stellar distribution and nebular structure. For this

purpose the published paper reproductions will not be

greatly inferior to the original negatives, and it is to be

hoped that there are not a few careful observers who will

subject them to the most detailed scrutiny. What would

Michell, what would the Herschels, what would Proctor,

have given to have such records placed in their hands ?

—

records which, in Dr. Roberts' own words, " portray

portions of the starry heavens in a form at all times

available for study, and identically as they appear to an

observer aided by a powerful telescope and clear sky for

observing."

* By a careless slip, the pbotogi-aph from which the enlargements

reproduced in the June number of Knowiedge were u;ade by
l)r, Weinek was said to bare been taken by the Brothers Henry
(p. 13.5, col. 1, lino 34). 'the instrument with which the photo-

graph was obtained— tlip Equatorial Coude—was indeed due to

their skill, but the actual photogr.ph was taken by MM. Loewy and
Puisettx.

THE GREAT NUBECULA.
By E. Walter Maunder, F.R.A.S.

THE readers of Knowledge are indebted, as on so

many previous occasions, to the skill and success

of the Director of the Sydney Observatory, Mr.H. C.

Russell, for the photographs which are reproduced

in the present number. Like the pair of photo-

graphs which we published in April, these were taken with

the Sydney " Star Camera," i.e., with the telescope con-

structed for the International Astrographic Survey, and of

the standard aperture and focal length. They represent

two contiguous fields in the very heart of the Greater

Magellanic Cloud, the northern edge of Plate I. correspond-

ing to the southern edge of Plate II., and they should be

compared with the fine photograph of the same region

taken by Mr. Russell with a si>:-inch portrait lens on

October 17th, 1890, and published in Kno\^-ledge for

March, 1891. The earlier photograph received an exposure

of 7h. .Sm., and is remarkable for the vast masses of nebu-

losity which it revealed ; nebulosity the spiral character

of which was distinctly shown upon the original plate,

constituting it, as Mr. Russell remarked, "the grandest

spiral structure in the heavens." The present pair of

photographs are much less impressive regarded merely as

pictures, for they bring out much less extended nebulosity.

This is the necessary consequence of the shorter exposures

given to them—the exposure for No. I. being 4^ hours and
for No. II. 5j hours—and of the greater proportional focal

length of the star camera as compared with the portrait

lens. On the other hand, the numbers of the stars shown
are far greater on the present plates than on that taken in

October, 1890, and the scale is larger, so that minuter

details are seen. The earlier photograph was taken on a

scale of 0'55() inches to the degree; the accompanying
plates are on a scale six times as great, being enlarged

from the originals, which gave a scale of 2-3(5 inches to

the degree.

There is, perhaps, no object in the heavens which has

been of such importance in the development of our views as

to cosmical structure as the Great Nubecula. For this vast

object, extending, according to Sir John Herschel, over forty-

two square degrees, is not only the very hive and home of

nebulfE—the region of the entire heavens where they crowd
most closely—but it is full of groups and streams of im-

doubted stars. This one object, therefore, was itself

sufficient to disprove the old idea that iiebulffi were but
extremely distant galaxies, nebulous only by their untold

distance ; for it is plain that the depth of the Nubecula
can be only a fraction of its distance from us. However
vast, therefore, its real dimensions, we may regard all its

members as practically at the same distance from us ; we
cannot suppose that its furthest extensions are double as

far or even one-quarter as far again as its nearest. It is

not due, therefore, to diflerences of distance that it appears
to consist, according to Sir John Herschel's well-known
description, " partly of large tracts and ill-defined patches

of irresolvable nebula, and of nebulosity in every stage of

resolution, up to perfectly resolved stars like the Milky
Way, as also of regular and irregular nebulas properly

so called, of globular clusters in every stage of resolvability,

and of clustering groups sufficiently insulated and con-

densed to come under the designation of clusters of stars."

The diflerences in appearance are due to real differences of

aggregation and of condition, and are not simply due to

the disguising efl'ects of distance. This lesson, that

nebulas were not " external galaxies " irresolvable by eflect

of distance, was the first lesson taught by the Great
Nubecula. Its second lesson, that nebulae equally with
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I.—PHOTOGRAPH OF PART OF THE GREAT NUBECULA.

Taken by Mr. H. C. Russell, vvitli tlio Star Camera of the Sycliu'y Obsei-vatory, December 9tU, 1893. Centre of Plate, R.A. o\\ 31m. 48s.

S. Dee-, 69" 8' 0". Exposure, four and a half hours.
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stars are component parts of our sidereal system, and that

this forms but one single structure, is one taught on a

larger and more impressive scale by the manner in which

the unresolved nebulse shrink from the galactic zone.

But the great interest of the Nubecula lies in the different

manner in which that lesson is taught. In the heavens

at large the condensations of stars and of nebulse (other

than planetary) tend to avoid each other, and by that

very avoidance prove that they are but different parts of a

single evolution. Here we have such condensations inter-

mingled in a single formation, as if that mysterious

repulsion between stars and uebulie which had caused

the nebuliB to cluster round the very pole of the Milky

Way, as in the " rich " region of Virgo, had not attained

here an equal development. Here we have still preserved

to us a fragment of the cosmic embryo, or at least a region

wherein the forces which elsewhere have effected so marked

a stratification have not yet worked out n like result.

This region, which, as it were, combines together a

fragment of the Milky Way with a rich gathering of the

objects most foreign to it, contains also one fine example

of the irregular nebuliB, the only member of the class found

outside the galactic zone. This is 30 Doradus, the " great

looped nebula," one of the most remarkable objects in the

entire sky ; a piece of complicated lace-work, executed in

misty light. The nebula is on the central line of Plate I.

and near the following side.

For further lessons from the Nubecula we must look to

the photographic plate. Already Mr. Eussell has shown
us in his photograph of October 17th, 1890, the spiral

nebulosities which link together its complexity of structure.

The present plates bring into prominence rather the

great differences of condensation which mark different

regions in it. Both testify to the importance of studying it

with every variety of photographic telescope available, and

with great range of exposure. The photographic analysis

of an object like this, which seems to be a sort of epitome

of the entire sidereal heavens, cannot fail to be of the utmost

service in extending our knowledge of stellar evolution.

£(ifnct Notes.
•

Prof. E. Hull, LL.D., F.E.S., in a paper just read

before the Victoria Institute, has brought forward some
further remarks—in addition to those he recently brought

before the Geological Society, on the physical conditions

of the Mediterranean basin, which have given rise to a

community of some species of the freshwater fishes in

the Nile and the .Jordan basins. The author traced the

various changes which the Mediterranean basin had

undergone since the beginning of the Tertiary period,

resulting in the formation of a chain of freshwater lakes

(as previously suggested by Dr. Leith-Adams and Admiral
Spratt), when elephants and hippopotami inhabited the

lands surrounding Sicily and Malta. The author con-

sidered that the formation of these freshwater lakes was
brought about by the greater extension of the land areas

and decreased evaporation, which caused the waters of

the Mediterranean lakes to flow outwards into the Atlantic.

These conditions would be brought about by a general

uprise of 250 fathoms taking place in the later Pliocene

period. The freshwater conditions would admit of inter-

communication batween the fauna of the North African

rivers and those of Asia Minor, while the connection with

the Jordanic basin—in which the waters stood 1300 feet

(or more) above the present level of the Dead Sea—would

have been established by one or more streams draining

into the eastern basin by the depression of the Plain of

Esdraelon.

Geologists have for many years been waiting for further

evidence with regard to the great question of the antiquity

of man. Although evolutionists believe that man probably
originated in the Jliocene period, yet at present there is

no definite evidence for so great an antiquity as that.

The Abbe Beourgois believes that he has found flint imple-

ments at Thenay, in France, in a Miocene deposit, but the

evidence is not satisfactory. Last year Dr. Fritz Noetling

reported a discovery of flint-chips, believed to be the work
of man, in certain strata in Burmah, which by some
authorities were believed to be of Miocene age ; but these

are now proved by their fossil contents to be of Pliocene

age. Dr. Prestwieh has recently described some very rude

flint implements from the plateaux gravels near Sevenoaks,

which he considers to be preglacial, and, therefore, possibly

of Pliocene age. (Tin- NinrUcnth Centurii, April.)

Mr. Worthington Smith states that human bones have
been more than once discovered in Palneolithic gravels, but

were lost or broken through carelessness. Some remark-

able finds have recently been made in the Loess deposits

of Moravia. Ten nearly complete skeletons were found in

the natural positions as they had been buried in the brick-

earth, and mammoth bones were associated with them.

Probably they represent a family ; and a block of stone

had been placed on the tomb to prevent the ravages of

wild beasts. The skulls are dolicocephalic (or long-headed)

with retreating forehead, and strong ridges over the eyes.

A few weeks ago a very animated discussion took place at

the Geological Society over a human skull and limb-bones

found in the Pah^olithic gra%'el of Galley Hill, Greenhithe,

Kent, ninety feet above the Thames, which were carefully

described in a paper by Mr. E. T. Newton. Those who
found these remains were convinced that they represented

a Paleolithic man ; but Sir John Evans and Prof. Boyd
Dawkins preferred to think that this was an interment of

Neolithic age, although to many present the evidence

seemed to be the other way.—»-*-^

—

A very important event in the scientific world is the

recent publication of the last of the volumes of " Reports

of the Voyage of H.M.S. ChaUengcr," in two parts, giving

a summary of the scientific results. It is not too much
to say that this was one of the grandest and most successful

of scientific expeditions that has ever been organized.
*-^^

The programme of arrangements for the meeting of the

British Association at Ipswich has been issued. The
first general meeting will be held on Wednesday, September

11th, when Sir Douglas Gallon will assume the presidency

and deUver an address. On Thursday evening, September

12th, a soire>- will be held. On the following evening a

discourse will be delivered by Prof. Silvanus P. Thompson
on magnetism in rotation. On Monday evening, September

16th, there will be a discourse by Prof. Percy F. Frankland

on the work of Pasteur, and its various developments.

A second soii-ec will take place on Tuesday evening, Sep-

tember 17th, and the concluding general meeting will be

held on Wednesday, September 18th.

The following candidates have been selected by the

Council of the Royal Society for election as Fellows :

—

Mr. J. Wolfe Barry, Prof. A. G. Bourne, Mr. G. H. Bryan,

Mr. J. Eliot, Prof. J. R. Green, Mr. E. H. Griffiths, Mr.

C. T. Haycock, Prof. S. J. Hickson, Major H. C. L. Holden,

Mr. F. C. McLean, Prof. W. MacEwen, Dr. S. Martin,

Prof. G. M. Minchin, Mr. W. H. Power, Prof. T. Purdie.

The absence of representatives of geological science from

this list is noteworthy.
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Dr. Keeler's famous observations on Saturn's rings have
begun to pass through the furnace of criticism. After

being generally accepted by laymen, they are not quite so

universally held to be conclusive by astronomers. M.
Deslandres, for instance, does not consider the kind of

evidence adduced by Dr. Keeler as any proof of the

meteoric nature of the rings, a theory which Clark

Maxwell first brought forward and the recent spectro-

scopic observations were supposed to confirm.

Urttrvs.

The Kditor does not hold himself respuiisible for tlie opinions ov

statements of correspondents.]
•

SUXSPOTS.

To the Editor of Knowledge.

Sir,—In Knowledge for May, at pages 98, 107-110,

the magnetic perturbations of March 80th-31st, 1894, are

referred to the group of sunspots approaching the central

meridian on those days ; whereas these perturbations

were due to the disturbance at the sun's eastern limb at

the same time. The sun was likewise distinguished by the

presence of spots south of the solar equator, which is the

precise location most likely to be attended by auroral and
magnetic eflects near the vernal equinox. No matter what
spots appear elsewhere on the sun, whether great or small,

or east or west of the central meridian, whenever an aurora

appears a region specially frequented by spots will be found

at the eastern limb. In the case of the magnetic storms

and fine auroras of March 30ch-31st, 1894, there were
recurrences at the 27t[ day interval, both of the solar

conditions and of the attendant magnetic phenomena and
of thunderstorms, which followed precisely the order which
I have pointed out in various notes and articles, and which
is referred to in the recently published volume of the Inter-

national Scientific Series on the Aurora, by M. Angot.

M. A. Veeder.
New York, U.S.A., May 14th, 1895.

MIBA-PRISMATIC COLOURS ON CL0UD3—MIEAGE.
To the Editor of Knowledge.

Dear Sir,—If you can spare me space, I should like

to remark on the various observations made by your

correspondents. I can quite endorse Col. Markwick's

observations of Mira ; the light curve was quite unusual.

At the beginning of February it reached what should have

been its maximum of about 4th masnitude, or rather less,

and by the end of the mouth seemed inclined to fade ; but

during March it rose very suddenly again to about 3-5

magnitude (between "/ and 8 Ceti), as nearly as one could

judge in the twilight, on the 10th, and then fell quickly

again.

I am also following R Leonis, but do not think any-

thing abnormal occurred. The maximum must have been

during the time of bright moonlight in March, for the star

was seen with the naked eye, with the full moon ia the

same constellation just before the total eclipse, and it

must have been 5th magnitude at the least.

With regard to the prismatic coroufe and edges to

clouds, I may say that I have recorded them for some
years, and see them on the pearly white cloud streaks on

which they principally occur about twenty-five times in a

year. I look upon them as one of the most certain signs of

showery weather which we have, but halos are commonest
in dry, sunny seasons. Mock suns are commonest in the

spring, and are seen here about twelve times a year.

One does not have to go to the Sahara to see a very fair

presentation of the mirage. They are common on dry,

sandy shores when the sun is hot, especially with an

easterly wind. A fortnight ago I saw a very good one on

Stert Flats, a wide expanse of sand in Bridgwater Bay.

On sitting down the sands seemed partly covered with

water, in which the opposite village of Burnham was
reflected, and I distinctly noticed that where red houses

occurred in the ' sea-front ' the colour was plainly imaged
in the mirage. So was a small white lighthouse standing

on the sands ; but the taller one standing back among
the sandhills did not appear. On standing up again,

the whole phenomenon disappeared.

Bridgwater. H. Corher.

THE SUN PILLAR.

To the Editor of Knowledge.

Dear Sir,—In your June number the Rev. S. Barber

figures and describes a sun pillar seen in Cumberland on

the 30th January last. On the 10th Jlay a similar column
was visible here for about a quarter of an hour, beginning

at three minutes before 8 p.m. It had a delicate rose tint,

and a small bright shooting star seemed to spring from its

left side, and made a short trajectory. I suppose this was
an accidental coincidence. The column, I am told, was
seen at Eastbourne, but I have heard no particulars. On
the 12th May a fine solar halo appeared at 12.45, and was
visilile for half an hour.

Forest Row, Sussex. Henry J. Slack.

To the Kditor of Knowledge.

Sir,—Mr. Barber's account of the sun pillar in yom
June number is most interesting, as it reminds me of a

similar phenomenon observed here by my father in 1868,
to which he called my attention at the time, and which
exactly agreed with your illustration. I find his notes

were as follows :
—

" April lOth. Sun column continuing half an hour after

sunset, which was perfectly bright without clouds."

It occurred during a dry cold period, although a little

rain had been measured early that day. Wind N.— and
was succeeded by a wet period after the 18th.

Yours truly,

Further Barton, Cirencester. (Miss) E, Brown.

THE COLOURS OF BUTTERFLIES.

To the Editor of Knowledge.

Sir,—In your last issue Dr. Marshall has summarized,
and apparently adopted, the views of Mr. A. R. Wallace,

in regard to "the colouring of butterflies"; these views

being in support of the Darwinian doctrine of natural

selection. Dr. Marshall classifies his remarks under the

following heads, viz. :

—

Protective colours.—Referring to butterflies which are

protected by imitating the forms and colours of any
object on which they perch.

\Var7ii7iii colours.— In which the colours of the butterflies

" are conspicuous for the purpose of warnimj other insects

(Wallace says enemies) to keep away."
Miiiiicr;/.—" Many butterflies escape destruction by

mimicking the colours and the markings of the uneatable

forms."

Ia all these cases it will be seen that it is inferred that,

while some butterflies are protected by their colouring,

there are others which are not so protected ; indeed,

Mr. Wallace expresses his wonder that, " with these great

resources at her command. Nature had not produced more
of these mimicking forms than she has done."
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It will also be seen, from Dr. Marshall's paper, that the

inferences drawn from the facts which he relates are, that

those butterflies which are thus protected surriir, while

those that are unprotected perish, or, at least, ai-e liable to

destrnction : aud the question naturally susr.Erests itself—

Why do any butterflies remain unprotected '.' Why has

Nature, by means of her handmaid—natural selection

—

not aflbrded them the same protection as the others '?

and further—If some have remained unprotected for

•'thousands of generations," as Mr. Darwin would say,

how have they escaped destruction so long ? how have they
come also to survive, if protection is necessary, as Dr.

Marshall seems to say. for the preservation of their life '?

Another inference, I think, is plainly deducible from
what is said, especially under the head mimicry, viz., that

the edible butterflies, seeking protection by mimicking
the warning colours of their inedible neighbours, evince an
amount of intelligence and knowledge of the effects of

different colours which we are hardly prepared to expect
from such low organisms as butterflies and caterpillars.

True, Mr. Wallace refuses to allow that the mimicry is a

voluntary act on the part of the insects, but he constantly

speaks as if it were, and the words "mimicks"' and
" mimicry " necessarily imply, as every school-boy knows,
an active agent, as, indeed, so do the words "natural
selection," as the Duke of Argyll and others have clearly

shown

.

Is there any well-authenticated case in Nature to support
such a view '? I have heard or read of none—the
chameleon is not a case in point.

Remark also that insects, w^hich use warning colours,

are so considerate as to protect, not themselves only, but
even their enemies from injury.

Agaui, I ask, if certain insects have been able to protect

themselves in this way, why do not all their neighbours
follow their clever example ? When I say "protect them-
selves," I only use a phrase which Mr. Wallace himself
uses, for at page 190 he says " domesticated animals
are protected by man—wild animals have to protect

themjielres."

Altogether, I am constrained to look upon the theory
involved in Dr. Marshall's article as an entire misunder-
standing of the interesting facts which he relates, and to

ask—what has all this to do with the Oriijin of Species '.'

Droughty Ferry. Wm. Miller.

Notices of Boofts.

British Mammalia. By R. Lydekker, B.A., F.R.S. Pp.
339. Os. Carnirora. By the same author. Pp. 812. Gs.

( W. H. Allen & Co., Limited.) These are two new volumes
in the " Naturalist's Library," edited by Dr. Bawdier Sharpe.
The former is practically a revised and enlarged edition of
Macgillivray's work published in " .Jardine's Naturalist's
Library." With Mr. Lvdekker's name on the title-page
of this book, it is hardly necessary to say that the con-
tents are brought right into line with the presrnt state of
knowledge of our mammils. The advances that have been
made during the past twenty years, especially in regard
to the geographical distribution of mammalia, are all given
due consideration. The number of terrestrial mammals
which are regarded as indigenous inhabitants of Great
Britain during the historic period is forty-one, but five or
sis of these are now extinct. The poverty of Britain in
species is shown by the fact that Germany possesses nearly
ninety species and Scandinavia sixty. Various theories
have been put forward in connectioa with this distribution.

Whether the ancient British fauna was entirely swept
away during the glacial period, or whether part of it

survi^ed in the South of England, and afterwards spread
northward, is still an open question. In the former case
it is necessary to believe that Britain was connected with
the Continent after the glacial period : in the latter,

no such connection need be considered. Mr. Lydekker
says, " Whether, however, the one theory or the other of

the re-population of England be adopted, we have to

remember that the present impoverished mammalian fauna
of Britain as compared with the Continent is due to the

direct or indirect action of the glacial period, the eft'ects of

which have been so far-reaching both on inanimate and
animate nature in the northern hemisphere. " A section

on the ancient mammals of Britain, which originally

appeared in the columns of Knowledge, is included in the
volume. There are thirty-two plates, none of which,
however, call for special remark.
The volume dealing with the order Carnivora furnishes

interesting reading on the characteristics and habits of

]

those well-known animals comprehended under the title

of cats, and including lions, tigers, leopards, pumas, tiger-

cats, domestic cats, and lynxes. Besides the cats, the
volume deals with those near relations, the civets and
mangooses. The family Fdida, however, is naturally
treated in more detail, and a larger number of species are
illustrated, than in the family JAverrida. An account of

fossil species forms the concluding section of the work.
We think both volumes are very valuable additions to the
series in which they appear.

The Moon. By T. Gwyn Elger, F.R.A.S. Pp. 173.
(George Philip & Son.) os. Mr. Gwyn Elger ranks
among the foremost selenographers, so this work of his

may be relied upon as a trustworthy guide to the physical
features of our satellite. All limar objects of interest and
importance are referred to, and, as might have been
expected from an observer who has devoted his attention

to lunar scenery for thirty years or so, their characteristics

are truthfully described. A short history of observations
of the moon, embodying a general account of the difl'erent

kinds of formations observable, and statements of the
speculations relating to lunar " geology," is contained in

an introduction. Tlien comes the practical part of the
book, and this is rendered exceedingly valuable by the fine

map of the moon reproduced in four sections, each quadrant
occupying a double page. This map is, without doubt, the
clearest and most complete representation of the moon's
surface available on the same scale, viz., eighteen inches
to the moon's diameter. Taking each quadrant in turn,
Mr. Elger describes all the interesting objects in them,
and also a few features which, on account of their minute-
ness, could not be shown with any advantage on the map.
Observers of the moon will find the volume meets all their

requirements. The work is handy for reference, and is

published at a reasonable price. It will doubtless become
an indispensable companion to the telescope.

The Theory of Liffht. By Thomas Preston, M. A. Pp.566.
(Macmillaa & Co.) 153. net. This is a secand edition of a
work familiar to all physicists. The author aimed at pro-
ducing " an accurate and connected account of the most
important optical researches from the earliest times up to

the most recent dite," and tho^e who are competent to
judge know that he accompUshed his purpose. The text
of the new edition has been revised throughout, and more
than one hundred pages of new m^lter have been added,
as well as several new diagrams. These additions increase
the value of a volume that has been regarded as a standard
work on the theory of light ever sinie it first appeared.
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The Source and Mode of Solar Enerrm tliroiiqhout the

Uyiiverse. By J. W. Heysiuger, M.A., "M.D. Pp. 361.
(Philadelphia : -T. B. Lippincott Co.) i^a.OO. So far as

we understand the author of this volume, his theory is

that electric currents are constantly passing through
attenuated aqueous vapour between the sun and planets,

and decomposing it into its constituents. Hydrogen is

given off at the solar electrode and oxygen at the terres-

trial or planetary electrode. We thus have an explanation,
which may be left to our readers to assess at its proper
value, of the preponderance of oxygen in our own atmos-
phere and of hydrogen in the sun. The electric currents
required hy the theory are supposed to be generated by the

rotation and revolution of the planets, which are regarded
as playing the part of electrical induction machines. Dr.
Heysinger extends this fantastic idea to all astronomical
phenomena, and uses it as a master-key to unlock, in a
fashion, the caskets of celestial mysteries. In support of

his views, he quotes copious descriptions from the works
of eminent writers, few of whom, however, would care to

give countenance to the curious theory in connection with
which their writings are used.

A Handbook of Systematic Bot.inij. ByDr. E. Warming.
Translated by Prof. M. C. Potter, M.A., F.L.S. (Swan
Sonnenschein & Co.) As a text-book of botany, this will

take a high place, and as a handbook of reference it will

prove valuable, though some of the lower groups of plants

are but cursorily dealt with. The translation is from the

third Danish edition of Prof. Warming's " Handbog i den
Systematiske Botauik," and from Dr. Knoblauch's German
edition. The order of treatment in the present volume
is Thallophyta (subdivided into Myxomycetes, Alga' and
Fungi), Muscinese (Mosses), Pteriodophyta, Gymnospermaj
and AngiospermiE. The Algte and Fungi have been revised

and rearranged in co- operation with Dr. Knoblanch. The
sequence of orders in the Angiosperms, being that of the

original Dan-'sh edition, wUl be unfamiliar to J']nglish

students, but it possesses advantages over the more artificial

system generally adopted. Prof. Potter states, in an
appendix, the chief systems of classification of plants from
Eay (170B) to Engler (1H92), and shows how the artificial

systems into which members of the vegetable kingdom
have been arranged have gradually developed into natural

systems, founded upon mutual relationships. The volume
is richly illustrated, and is altogether a serviceable text-

book for students of botany.

The FArments of Botany. By Francis Darwin, M.A.,

F.E.S. Pp. 235. (Cambridge : University Press.) Here
we have a book which is a model of what an elementary
science manual should be. The student who uses it will

feel that he must see for himself the structures of the

plants described, and personally verify the phenomena they

illustrate. The fourteen chapters of the book contain the

substance of the botanical lectures given to medical

students in the course of elementary biology at Cambridge,
and the practical work done in connection with the

lectures is described in an appendix. Departing from the

usual method, the author, instead of using a small number
of species to illustrate the morphology, physiology, and
natural history of plants, fixes on certain facts and
phenomena, and selects a number of plants to exemplify

them. Too great praise cannot be given to the numerous
illustrations, which have mostly been drawn from Nature,

and are far in advance of the stock figures that occur in so

many text-books. Indeed, both text and illustrations are

so attractive that the student who uses the book will

certainly have a love of botanical knowledge developed in

him.

Crystalloriraphi/ : a Treatise on the Morpholnyy of Crystals.

By Prof. N. Story Maskelyne, M.A., F.K.S. Pp. 521.

(Clarendon Press.) 12s. 6d. Students of mineralogy have
long waited for this volume, and have wondered whether
the author would really complete his undertaking ; and
now the book has been published it fulfils the high expecta-
tions of all familiar with the work of the distinguished

mineralogist who is responsible for it. The treatise deals

solely with the morphology of crystals, that is to say, with
the characters which result from the distribution and
geometrical relations of their plane faces. It is a masterly
exposition, in which the subject is treated in the simplest

form compatible with strict geometrical methods. Students
with a limited knowledge of mathematics will be able to

comprehend some of the demonstrations, but the book
appeals more to those who have had a high mathematical
training. The volume undoubtedly ranks with the classical

treatises on crystallography.

Annual Report of tlir Board of Bajucsts of the Smit/isonian

Institution, 1893. Pp. 762. (Washington : Government
Printing Office.) Not only are the operations and condition

of the Smithsonian Institution for the fiscal year ending
June 30th, 1893, described in this report, there is also a

general appendix comprising a miscellaneous selection of

papers from various publications, and embracing a wide
range of scientific investigation and discussion. Among
these memoirs we notice one on " The Great Lunar
Crater Tycho,'' by the late Mr. Eanyard, reprinted from
Knowledge.

Geometrical Coyiics. By F. S. Macaulay, M.A. Pp. 260.

(Cambridge University Press.) Is. 6d. A well-constructed

and fairly complete treatise on the elementary properties

of conies, possessing clear descriptions, helpful illustra-

tions, and numerous examples. The principles and methods
employed are admirable. We commend the volume, which
is extremely well printed, to the notice of all teachers and
students of the subject with which it deals.

Thin f/s New and Old; or, Stories from Enijlish Hisiori/.

Standard VI. By H. 0. Arnold - Foster. Pp. 218.

(Cassell & Co.) To the many excellent school-books which
Mr. Arnold-Foster has written must now be added this

volume, dealing with the Stuart period of English history.

Like the other volumes in the same series, this brings out

the realities of history in a manner calculated to arouse

interest in the minds of children. We are glad to see

that such an event as the fouudation of the Koyal Society

is not ignored, as it is in " drum and trumpet " histories

generally, and that the works of such men as Newton and
Harvey are not passed over in silence.

BOOKS RECEIVED.

Journal of the Franklin Institutefur Muij, 11595.

First Principles of Chemistry. By Samuel Couko, JI. A. (Creorgi'

13cll & Sons.) 2s. (id.

mudents Practical Cheitiistri/ Test Tables and Qunlitatire
Analysis. By Samuel Cooke, M.A. (George Bell & .Suns.) Is.

First Principles of Astronv/nij. \iy Samuel Cooke, M.A. (Creorge

Bell & Sous ) Is. fid.

Lessons in Flementary Physics. Sy Balfour Stewart, M.A., (ie.

(Maemillan & Co.) 4s. tid.

Fiir/erprint Directories. Bv Fiaucis tralton, F.B.S. (Maemillan
& Co.)

Object Lessons in Botany. Book II. By Edward Snelgrovc, B..V..

(.Farrold & Sons.) .33. 6d.

A First Book of Flectriciti/ and Maynetism. B\ W. I'eri'i'ii

Mayeoek, M.I.K.E. (Wliittaker & Co.) 2s. tid.

Acoustics of Public Buildings. By T. Koger Smith. (Cru5li\

Loekwood & Son ) Is. (id.

Proceedinys of the Academy of Xutural !Scien<-es, Philadc'phia.
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Diarii of a Jnurnefi thfonqh Mongolia and Tibet. Bv William

Woodville Rockhill. (SmithsoEiian Institution.)

Dairif Bacterioloiitf By Dr. Ed. Vou Freudenreich. Translated

by J. E. Ainsnorth Davis, B A , &c. (Methuen & Co.) 29. 6d.

The Ti.ne Machine. By H. G. Wells. (Heinpraann.) Is. 6d
Prti-oin/i/ for Students'. By .Vlfved Harker, M.A., &c. "s. Od.

A Texi-Book- of Zoorjeographii. By Frank E. Beddard, M.A., &e.

(Cambridge University Press.) 6s.

Inde.res to the Literatures of Cerium and Lanthanum. By W. H.
Magee, Pli.D. (Smitbsonian Institution.)

Memoirs of the British Astronomical Association ; Beport of the

Sectionfor the Ohsereation ofMars. By E. Walter ilaunder, F.R.-V.S.

ON THE CAUSE OF EARTHQUAKES.
By Prof. J. LoG.vx Lobley, F.G.S., Ac.

IN
a recent number of Knowledge I adduced evidence

in support of the conclusion that the general

climatal conditions of the globe in the Cambrian
period were similar to those that now prevail on
the surface of the earth.'' But although this

evidence is so abundant and cogent that the conclusion is

inevitable and indisputable, yet its consequences are very
generally overlooked, and it is frequently altogether ignored

in the discussion of questions on which it has a direct

bearing. Notably has this been the case in the discussion

on the cause of earthquakes.

A connection between the cause of earthquakes and that

of volcanoes is very generally assumed, and Mallet's

dictum, that an earthquake is but an uncompleted volcano,

is often quoted with tacit, if not expressed, acquiescence.

This would seem to imply that both the cause of volcanic

action and the cause of seismic action had been satis-

factorily determined, and yet this is far from being the
result of the long controversy on these two important
questions.

Text-books usually give several theories to account for

volcanic action, and while one hypothesis is on the whole
favoured by one author, another receives the guarded
assent of a second. The cause, or causes, of seismic

phenomena are stated still more doubtfully, notwithstanding

the mass of facts obtained by the laborious and prolonged
investigations of Mallet, and the very valuable and more
recent work of Prof. Milne in the seismic land of .Tapan.

There seems, however, to be a very prevalent opinion

that a shrinkage of the so-called " earth's crust," conse-

quent upon the secular cooling of the globe, is the primary
cause of both earthquake and volcanic phenomena. Mallet

not only attributed local earth-movements generally to

the consequences of a gradual cooling of the globe, but

derives volcanic heat also from the tangential pressure of

the rocks of the crust by contraction following planetary

cooling. What is precisely meant by the " earth's crust,"

and what the amount and rate of the cooling assumed, are

not stated, and so the whole matter is left in a very vague
and unsatisfactory position.

To the same shrinkage from planetary cooling is also

ascribed the folding and contortion of rocks of all kinds
and all ages, except those associated with intrusive igneous
rocks, as well as the elevation of mountain chains and the
vertical uprise and subsidence of areas both large and
small. So repeatedly and so confidently is contraction

from cooling stated as being the cause of such earth-

movements, that it is generally accepted without question.

Indeed, a shrinkage of the bulk of the earth is commonly
regarded as required to account for the foldings and con-
tortions of the surface rocks, and thus prove the point.

*"0n tbe Climate of tlie Cambrian Period," Kxowi.edoe for

November, 1894, p. 260.

More than fifty years ago. Sir Henry de la Beche
wrote: "If we adopt the theory of a cooling globe, and
the necessity of the solidified crust of one period, with its

covering of sedimentary deposits, conforming to the reduced

size of the earth at another, this solid crust, with its

detrital covering, would be broken up, or wrinkled, or both,

to conform to the new adjustment of parts." So confident

did this truly great geologist appear to be that the theory

of a cooling globe, with consequent shrinkage, was sound,

that he did not think it necessary to state or suggest any

other.

And although a thin hard crust with a great central

fused mass has since been shown, by Lord Kelvin and
other physicists and astronomers, to be incompatible with

the proved rigidity of the globe, a settling down and
accommodation of the crust to a shrunken central mass is

still most confidently assumed. In a recent important

work, the emission of lava is ascribed to its exudation from

a central fused mass consequent upon the pressure of an

exterior hard crust, t and in a still more recent text-book,

earthquakes are attributed to, with other causes, " the snap

of rocks that can no longer resist the strain to which, by

the cooling and consequent contraction of the inner hot

nucleus, they have been subjected within the earth's

crust."!

If, however, the general temperature at the surface of

the globe was in Cambrian times similar to that of the

present day, there can have been no appreciable amount of

planetary cooling during the intervening period, and con-

sequently no appreciable amount of contraction of the bulk

of the globe, notwithstanding the enormous duration of

the time that has elapsed since the Cambrian epoch. If,

furthermore, there has been no appreciable contraction

during this vast period of time, there cannot have been

any contraction in a small unit of time, say a century

to cause dislocation of surface rocks. But there is not

merely an earthquake once a century, but without any

exaggeration it may be said that, in one part of the world

or another, there is at least one every week.

The report of the British Association on earthquakes

(1851 to 1858) contains a catalogue of recorded earthquakes

from B.C. 160(i to a.d. 1842, which, with the catalogue of

Prof. Perry, of Dijon, from 1842 to the year 1850, gave

between 6000 and 7000 earthquakes as having been recorded

in 3456 years. But the following digest will clearly show

that only in very recent times do the records of earthquakes

at all approximately correspond with the number of

occurrences :

—

Annual Ratio. •

From B.C. 2000 to b.c. 1000 0004
„ B.C. 1001 ,, Christian era ... 0054
„ A.D. 1 „ A.D. 1000 0-222

„ A.D. 1001 ,, A.D. 1850 7 740

„ A.D. 1551 „ -K.o. 1850 17-370

„ A.D. 1701 „ A.D. 1850 35-310

When it is borne in mind that a great portion of the

surface of the earth, to take only the land surface which is

merely one-fourth of the whole, is sparsely peopled and

without observers to record natural phenomena, it will

be readily admitted that it is quite safe to conclude that

the annual number of earthquakes between 1701 and 1850

as stated above is much below the fact. An earthquake a

week may, therefore, be confidently assumed. Indeed,

exactly double this number (104) were actually recorded

by Prof. Fuchs as having occurred in 1876. In

addition, however, to those violent disturbances that are

-j- " Geologv," bv Prof. Prestwich, p. 216.

: Geikie's " Class-book of Geology " (1883), p. 110,
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designated earthquakes, there are the earth tremors and
earth movements that can only be noted by the delicate

seismograph. Disturbance of the exterior rocks of the
globs, at one part or another of the earth's surface, must,
therefore, be very frequently, it may be safe to say daily,

taking place.

The conclusion, consequently, appears irresistible that

the cause of earthquakes cannot, with a due regard to

absolutely incontrovertible geological facts, be attributed to

a contraction or shrinkage of the bulk of the globe, and
that, therefore, another cause must be found.

Any cause, to be adequate for the production of con-
stantly recurring phenomena, must be constantly operating
and the result of forces continuously acting. So far as

our present knowledge extends, there are but two classes

of forces capable of disturbing the surface rocks of the
globe. These are (1) physical and (2) chemical. By
expansion and contraction consequent upon alteration of

temperature, lateral pressure and lateral tension of incal-

culable intensity and power may be produced. By chemical
action the requisite alteration of temperature to cause
alteration of density, and consequently alteration of bulk,

may be produced, to say nothing of the evolution of gases
by decompositions and reactions. Again, chemical action

may be checked and prevented or suppressed by excessive

pressure, and stimulated or permitted by a diminution of

pressure, and as lateral pressure lessens vertical pressure,

increase of heat from slight chemical action, occasioning
expansion and therefore lateral pressure, may be the cause
of relief of vertical pressure, with the result of allowing
more intense chemical action productive of greater heat
and still greater expansion, with proportionally increased

lateral pressure.

From these considerations it is obvious that physical

and chemical forces act and react on each other, and in

combination are capable of producing surface phenomena
of great magnitude and importance, as well as of a minor
character. Here, then, are forces constantly acting or

potentially existing that are quite adequate to the pro-

duction of seismic phenomena, without postulating the
shrinkage of a thin crust over a fused interior mass that

is alike opposed to the observations of astronomers, the
calculations of physicists, and the facts of geology. It is

true that the hypothesis of a solid nucleus with an inter-

mediate ocean of fused matter between it and the solid

exterior surface crust, as the source of lava, has recently

received the support of eminent physicists ; but this

requires a mere thread of lava, dependent for its fluidity

' on a temperature rapidly lost, finding its way as a fluid

through a thickness of thirty miles of solid, and therefore

comparatively cool rocks, which certainly appears to be
quite impossible.

In the early part of the century Sir Humphry Davy,
after his discovery of the elements potassium and sodium
and their violent combination with the oxygen of water,

advanced a chemical theory to explain volcanic action,

and, later. Dr. Daubeny also favoured a chemical hypothesis.

These views have, however, been generally discarded as

inadequate, but chemical forces and physical forces acting

in conjunction appear to be amply suliicient to cause, not
only seismic, but volcanic, action also.

In the year 1888, 1 brought before the British Association
an hypothesis that seemed to me to account satisfactorily

for volcanic action, and to meet the requirements of its

observed phenomena.* By the hypothesis then explained

* " On the Causes of Volcanic Action," Report of the British Asso-
ciation for 1888 (Bath meeting), p. 670; "Proceedings of the Geolo-
gists' Association," vol. xi., p. i ;

" Mount Vesuvius," p. 212.

and formulated, subterranean igneous conditions were
attributed to chemical action when allowed by favouring

physical conditions, prominent amongst which was dimi-

nution of pressure. To the same physio-chemical agency
I attribute earthquakes, and earthquake shocks and
tremors.

Earthquakes and earthquake shocks are not infrequent in

the neighbourhood of active volcanoes, and minor tremors
are common on volcanoes during and preceding eruptions.

All such seismic phenomena are doubtless due to volcanic

action, and, therefore, are primarily caused by what has
produced that action. But the earthquakes of non-volcanic

regions, which have their centres far away from any active

vent, require a further explanation. They are caused, it

appears to me, by the same chemical action that originates

volcanic phenomena, but, acting with less intensity, it does

not bring about rock-fusion, on which volcanic action

depends. It is sufficient, however, to produce heat, gases

and vapours with accompanying local expansions and
succeeding contractions, and thus it occasions deep-seated

and sudden fractures that give rise, from separate and
distinct dynamic foci, to earth vibrations, which at the

surface cause earthquakes, and earthquake shocks and
tremors.

According to these views, seismic action and those

of volcanic and plutonic origin have this in common,
that they each originate from chemical action arising and
developing from favouring physical conditions. When
that action is sufficiently intense to create a rock-fusing

heat, then either volcanic or plutonic results will follow

;

and when the heat produced at any one focus of chemical
change, though considerable, is insufficient to fuse the

adjacent rocks, an earthquake may be caused.

The sources of seismic, volcanic, and plutonic action

will, therefore, be in a thin outer rind of the globe resting

on an interior solid foundation, and unconnected with any
fused central mass, and, consequently, with the exception

of regions of fused rock near the exterior, the earth as a

whole may be solid to the centre, and this would be quite

in accordance with the rigidity our planet has been proved
to possess.

THE EFFECTS OF LIGHTNING ON TREES.

THE efi'ect of lightning on the oak and the beech is

very diff'erent. As a rule, the effect of a lightning

stroke on the oak tree is to split the trunk, or sever

the large square-set branches. This is well

exemplified in the accompanying illustration,

reproduced from an excellent photograph kindly lent by
Mr. H. .J. Adams, of Beckenham.
The tree—originally a fine specimen, some fifty or sixty

feet high, and absolutely sound— stood fairly isolated in a

copse near Cobham in Kent. The whole of the crown was
shattered, only about fifteen feet of the trunk and two of

the lowermost branches being left. The bark, as the

illustration shows, was entirely stripped from the trunk,

which, though split down to the root, showed practically

no signs of scorching.

The eff'ect of lightning on a beech tree is not so apparent

at the time, or even for long after. This is partly because

the sappy branches of beeches are good water conductors,

the water generally descending one side of the trunk, at

least to a great extent, and the result is that the lightning

follows the water, and scorches the bark down to the earth.

The damage is frequently not visible on the surface of

the bark till the spring following. In a year or two,

however, the tree dies and becomes a picturesque ruin.
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Kauschinger in his Lehre rom ^]'ahhcliut:, following

Hellman, calculates that if the liability of beech to be

struck by lightning be assumed at 1, that for conifers is

15, oak 54, and for other broad-leaved species 40.

Notwithstanding the isolated positions of thousands of oaks

all over the country and in mixed forests, with their towering

tops so " attractive " in a storm, no indigenous British tree

'<?-

Li*i, j^

has withstood the attacks of so many terrific hurricanes

and lightning-strokes as bravely as the oak. There are

no humanly devised protective means against lightning in

forests, and, for practical sylvi-cultural purposes, none are

needed. Forest fires are extremely rarely, if ever, caused

by lightning, and if a large tree is struck and severely

damaged, no great loss is involved in clearing it away.

The theory that the geological as well as the topo-

graphical conditions of certain localities " may have some
influence upon the frequency of lightning stroke " was
some time ago advanced by the meteorologist of the Koyal
Prussian Bureau of Statistics, to the effect that if 1

represents the frequency of lightning stroke in a chalk

formation, 2 will represent the liability of marl, 7 for clay,

;* for sand, and 22 for loam. Amongst other popular

fallacies, the following are successfully combated, namely ;

" That lightning never strikes the same place twice ; that

the most exposed position is always struck ; that a few

inches of glass or a few feet of air will serve as a competent

insulator to bar the progress of a flash that has forced its

way through a thousand feet of air."

From time to time, paragraphs get into press circulation

(invariably reclidiifi's of ancient and well-worn legends)

from the hands of one or other of our " most eminent

popular scientists," about the fabulous ages of certain trees,

particularly oaks. The fact is, that we have no means of

knowing the exact, or even approximate, ages of trees of

very old growth, except by inductively reasoning from the

phenomena of tree ijroirt.Ji in relation to time, and tree

decti;/. The counting of rings does not serve as a guide

after a certain time, and even during vigorous life, if cut

down. Owing to unequal central development of growth,

there may be found three or four times more rings on one

side than another. Of course, when a tree reaches a great

age and begins to gradually decay, the ring-counting

process is no guide at all. For example, De CandoUe
records an instance of an oak felled in 1812, upon the

trunk of which he managed to count seven hundred and

ten distinct rings. That was proof to demonstration that

the tree had lived seven hundred and ten years, but as

De CandoUe pointed out, it had probably lived for three

hundred years longer than that problematical period

"covering the remaining rings which it was no longer

possible to count." Nor are the measurements of girths at

stated periods of exact scientific value under all circum-

stances—in fact, they are utterly unreliable if they date

back a hundred years or more. Perhaps the oldest oak

in this country still showing signs of life is at Cowthorpe,

in Yorkshire. It measures a fraction over seventy-eight

feet in circumference, and is probably from one thousand

five hundred to one thousand six hundred years of age.

The great oak at Saintes, in France, is dead completely,

its trunk having been scooped out and turned into a sort

of arboreal tea room ; but only a few years ago it had many
signs of life, and measured a little over ninety feet in

circumference. That oak probably lived close on two
thousand years. Dr. Schlich, in his Manual of Forestry

(Bradbury, Agnew & Co., Vol. I., pp. 1(j8), referring to the

disparity' of timber-life generally, says that "if grown

under conditions which are in harmony with their require-

ments," the yew lives more than one thousand years
;

the oak comes often near that age, "if it does not exceed

it" : lime, elm, and sweet chestnut, about five hundred

years ; beech and silver fir, under favourable conditions,

nearly the same ; ash, maple, sycamore, spruce, larch,

Scotch pine and hornbeam, three hundred years ; and

aspen, birch, alder and willow, rarely more than one

hundred years.

Of course, in some respects trees never actually die
; at

least, that was Dr. Asa Gray's theory of arboreal life.

" The tree," he wrote, " unlike the animal, is gradually

developed by the successive addition of new parts. It

annually renews not only its buds and leaves, but its

wood and its roots—everything, indeed, that is concerned

in its life and growth. . . . The old and central part

of the trunk may, indeed, decay, but this is of little

moment, so long as new layers are regularly formed at the

circumference. The tree survives, and it is difficult to

show that it is liable to death from age in any proper
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sense of the term." A striking illustration of Dr. Gray's

meaning may be seen in Kew Gardens any day, for there

is flourishing there a branch ofJ'shoot of the great dragon

tree of Orotava, Teneriti'e, which was blown down in a

terrific gale in 1868. That particular specimen of the

genus Liliacecs WHS of vast size and great age, an object of

worship by the natives when discovered, fully live hundred

years ago. When Humboldt visited the island in 1799,

he found the tree seventy-five feet in height, fifty feet in

girth, " with an internal cavity about ten feet in diameter."

At the time of its destruction the tree was probably over

two thousand years old, and must have weathered

hundreds of terrific thunder-storms.

THE CURE FOR SNAKE-BITES.
By Dr. -T. G. McPheeson, F.E.S.E.

PROFESSOR ERASER, of the University, has just

laid before the Royal Society of Edinburgh the

result of his e.xperiments on snake-bites. For a

quarter of a century Dr. Eraser has been one of

the foremost authorities on toxicology, and this

last discovery will be an inestimable boon to the dwellers

in India, who are exposed to the poison of snakes.

The poison-gland of venomous snal;es lies on each side

behind the eye, and is about the size of an almond in the

cobra. From this gland a duct extends to the base of

the fang, down which the venomous juice flows when the

snake bites its victim. By a muscular arrangement the

poison-gland is automatically compressed when the snake

opens its mouth to strike. But the opening of the mouth
also brings about the erection of the fangs, which are

recumbent when not used. The juice formed in the

specialized glands and forced out along the fangs is a clear,

viscid fluid, which may be kept for months or even years
without losing its virulence. Injected through the fangs

into the blood of a victim, it tends to paralyze the nerve-

centres, and may prove fatal.

The extent of the mortality from snake-bite among
inhabitants of warm countries is little known by Euro-
peans ; but in British India alone the deaths of persons

reported from this cause varied from 18,070 in 1881 to

22,480 in 1889. During that decade rewards were paid

for snakes destroyed to the number of 212,776 in 1880 to

578,415 in 1889 ; but this result is less satisfactory when
it is known that in some places snakes are actually bred in

order to secure the payment for their heads.

Many in India have been deceived with the idea that

they have antidotes for snake-poison. In this country
nearly every drug has been recommended—ammonia,
permanganate of potash, arsenic, iodine, bromine, the

poison of other snakes, the guaco plant, ipecacuanha,

senega, aristolochia. But the distinguished authority on
snake-poisons, Sir Joseph Fayrer, has no faith in any of

these. Until Prof. Fraser's experiments have proved that

he has hit upon the means of curing the victim, no reliable

antidote was forthcoming.

The coloured charts and tables exhibited by Pi-of. Eraser
showed the enormous amount of work which he has done
in connection with the subject. He had great ditticulty in

getting a sutHcient supply of venom to allow him to com-
mence his experiments. He has been collecting for the

last five years, and he has been getting it from India,

Africa, America and Australia
; but it was only at the end

of last year that he had received enough to start with.

The best of his supply has been sent from India. He
showed some specimens dried and powdered and carefully

sealed up in little bottles. It was peculiar-looking stuff,

something like brown sugar, but not so sticky. His experi-

ments, when completed, should give results which will be

of great practical importance. He has proved that there is

great ti'hirttion for snake-poison. This is his first success-

ful discovery. Having ascertained the minimum dose

required to cause the death of an animal, he started below

that amount and gradually increased the dose after intervals

of ten days. By this process of gradual increases in the

dose of the snake-poison, he found the animal receiving as

much at one time as fifty times the amount of the minimum
lethal dose without it causing any bad effects to the animal.

In fact its general health seemed to improve, as he had
the animals weighed once and sometimes twice every day

;

and all the tiuie he was administering the venom there

was a steady increase in weight.

In the meantime, Prof. Eraser has not carried his

experiments of quantity further than fifty times the

minimum lethal dose at one time ; but still, when he had
got to that point, the animal was receiving in a single

dose, without being affected, enough to kill fifty animals of

the same size and weight. One of the animals which he
had treated by this gradually increasing quantity, had, in

two months, received enough poison to kill three hundred
and seventy fresh animals of equal size and weight,

supposing that each just got the minimum lethal dose.

This is a very successful instance of toleration.

He then described a second series of experiments, in

which he used the blood-serum of these animals, which had
been immunized, as an antidote for the venom. He mixed
an equal part of this blood-serum and venom together, and
injected the mixture into a fresh animal. This produced
no efi'ect, the serum counteracting the action of the poison.

Next, he injected some of the immunized blood-serum,
which he has named antircnine, into a fresh animal ; and
then some veuom afterwards ; but the serum hindered any
action of the venom. Then he took another fresh animal,

and injected the venom, waiting till symptoms of poisoning

were manifest ; at once he injected his antivenine, and
piit a stop to any further progress of the poisoning. The
same results took place after many experiments. All this

points to the conclusion that this antivenine, or blood-

serum, in an animal that has been able to stand with
impunity fifty lethal doses at a time by the increasing dose

process, is really an antidote to the poison of snakes.

Prof. Eraser is at present immunizing a horse, but he
has not enough veuom to finish the work. He has only

got nine grammes, and still requires thirty ; but the

Indian Government is trying hard to secure it for him.
This he expects to receive before long. When the horse

has been immunized, he expects to get enough antivenine

from its blood-serum to allow of its being tested chemi-
cally, so as to ascertain the substances which antagonize
the venom. In this way it is hoped, the ingredients being
known, the antivenine can be chemically prepared.

This discovery will be of great practical importance, for

the antivenine can be prepared and sent out to India in

small bottles for immediate use in the case of snake-bites.

But, even as it is, the discovery of antivenine itself is a
most valuable one, and gives evidence of the great advance
made in medicine during recent years, when the thyroid

preparation for myxanlema and the antitoxin for diphtheria,

and such like, have startled the medical world. The
attempt made by the Indian Government to clear out
snakes, by payment of so much for a snake's head, will

evidently be less successful than the extirpation of wolves
in Wales by a similar method ; for the fact is, that the
number of snakes is really increasing. It is to the anti-

venine which Prof. Eraser will be able to prepare by
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chemical processes, after ascertaining the ingredients in

tlie irnmuuized blood-serum, that the people of India must
look for the proper antidote in cases of snake poisoning.

There would be suflicient time to administer the anti-

venine, as death does not ensue until from three to

twenty-four hours after a bite.

At the close Trof. Rutherford, the celebrated physiologist

and experimentalist, stated that he had never listened to

such a lucid account of a series of experiments, and he

was very glad that it was in Edinburgh University that

such a valuable discovery had been made.

ORGANIC MATTER AND WATER FILTERS.

DR.
S. RIDEAL recently discussed in Knowledcje

the objects and methods of the filtration of large

waterworks. As he pointed out, it is now clearly

known that the capacity of water to cavise disease

depends directly, not on its chemical but on its

bacterial contents. The danger of pathogenic organisms

lies essentially in the enormous rapidity with which they

grow under favourable conditions. The circumstances in

the composition of water which assist or repress the

growth of organisms have not yet been definitely worked
out ; but it is certain that temperature, bacterial and even

mechanical contents, and chemical composition have a

more or less defined influence. Accordingly, in the criticism

of a supply proposed for a large town, chemical analysis is

a factor of which account must be taken, and as more
definite results are obtained connecting variations of

chemical composition with alterations in the capacity of

an organism to develop, such analysis will for this purpose

have an increasing value. In the case, however, of domestic
filters, the importance of chemical analysis becomes con-

siderably less, as the water will be kept for a relatively

short time after filtration, and the increase of organisms,
either through their growth in transit or through the

accidental pollution of the supply in the pipes, will already

have taken place. In the examination of a domestic

or industrial water filter, it is therefore usually im-
material to determine whether or not any chemical altera-

tion has occurred in the water during filtration. This cir-

cumstance to some extent simplifies the task of examining
the water filter, but entails the necessity of entirely recon-

sidering the data which hitherto have been taken as relevant

in the construction of such filters. Formany years before any
positive connection was established between typhoid fever

and a specific micro-organism, it was established that this

and other diseases were in some way connected with the

composition of the drinking water previously consumed by
the patient. By chemical analysis it was found that in

almost all cases of such diseases the water contained an
excess of organic matter, and when a water supply with
less organic matter was substituted for that which had
been connected with an epidemic, the disease invariably

disappeared. It was accordingly considered a reasonable
inference to regard the organic matter as being at the root
of the disease, and its removal as a sufficient sanitary
precaution. The presence of excess of organic matter in

dangerous waters was due to the larger capacity of such
substances to support the life and favour the growth of the
specific micro-organisms, and the filters, still largely in use,

which arrested such organic matter are thus seen to

furnish a culture-bed of concentrated nutrient value for

such disease organisms as may occur in the water.
Accordingly, when such a filter ia tested with polluted

water for a few days, it is found that the filtrate is much
richer in micro -ovganisms than the nntiltered water. If

subsequently sterile water be passed through it, the

filtrate may come out teeming with microbes. At the

same time such filters are, in fact, found to be incapable

of preventing the direct passage of micro-organisms, and
accordingly, both by permitting them to pass directly into

the filtrate and by multiplying those which are retained,

they are now known to be dangerous to health.

These facts have recently been verified by examinations
of all known types of filters by Dr. Sims Woodhead and
Dr. Wood, at the Research Laboratory of the Colleges

of Physicians and Surgeons, and by a very minute
examination of representative filters made at the Public

Health Laboratory of the University of Edinburgh by
Dr. .Johnston. These researches confirm entirely earlier

results obtained by Continental investigators, beginning
with M. Pasteur, who in 1878 stated to the Academy of

Sciences that no material had yet been discovered capable

of arresting micro-organisms. There can be no question

but that such results have demonstrated conclusively the

worthlessness and the danger of the filters which they
condemn. It is doubtful whether any practicable labora-

tory experiment can, in the present state of knowledge,
warrant the eSiciency of a filter ; the difficulty being that,

in the absence of a definite relation established between
the composition of water and the source of organisms on
the one hand, and the conditions favourable to the develop-

ment of organisms which apparently are necessary for an
epidemic on the other, it is almost impossible to be certain

of reproducing in laboratory examination the conditions

which occur in actual practice during epidemics. Prob-

ably, therefore, the course which for the present must be
taken in the examination of water filters proposed as

sufficient for the prevention of water-borne disease, is to

simultaneously examine them under identical conditions

with some filter of which the efficiency has been indepen-

dently established. Up to now the only filter in regard

to which adequate practical evidence is available is that

of Pasteur. It was applied some seven or eight years ago
to those quarters in the French army in France, Algeria,

Tunis, etc., where the water supply was most polluted or

suspicious, and the civil population were subject to

endemic or epidemic typhoid fever. The total number of

quarters so fitted is 24.5,000. The results of the applica-

tion of this filter are necessarily derived from a very large

number of independent health returns, which are only

collated at head-quarters, and therefore cannot be vitiated

by personal bias or error. The area over which the

experiment, if it may be so called, was conducted includes

so large a variety of climate and water conditions, and the

period of observation was so long, that any result common
to the whole of the installations may be stated in general

terms as characteristic of the appliances ; while the

constant presence of a civil population not furnished with
the filters would have constituted a current control-

experiment, by which the results of coincidence could at

once be eliminated, even if the scale of the observations,

both in point of number and of extent in time, had been
insufficient to do so. In other words, the experience

derived from this enormous use of a single type of appli-

ance, in the circumstances disclosed, gives a reliable basis

for a strict induction. The result of the experiments is

expressed in the reports of M. de Freycinet while Minister

of War from 1889 to 1892, in which, after tracing a con-

tinuous decrease of typhoid fever in every year, he finally

reports that in every case where the Pasteur filter had
been applied, even in districts previously the most at-

tacked, typhoid fever had disappeared. General /urlinden,

the present Minister of War, published in April a further

rej)nrt on tlif «a.mp siihject, not onlv 'iVinwing an incren,!??*^
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reduction of the amount of typhoid in the army, the present
number of cases being considerably less than half of that
which existed at the beginning of the experiment, but also

examining the figures of some thirty of the principal

garrisons which had in earlier years been the most aft'ected

by typhoid fever. The result of this examination is to

show in detail the accuracy of the general statement made
by M. de Freyciuet in 1892 ; the conclusions being in

many cases checked by the re-appearance of the disease
immediately, through any cause, the use of the filters was
discontinued. General Zurlinden, in fact, shows that such
cases of typhoid as occurred, and must in an army of
half a million of men be always inevitable, are either
contracted externally at bars, inns, and the Uke, or have
resulted from the accidental contamination of some water
supply, previously regarded as sufficiently pure to be used
without Pasteur filtration.

Similar results have been worked out in special cases by
independent medical observers ; and the Pasteur filter may
accordingly be taken as a rehable and convenient standard
for the efficiency which is necessary to prevent water-borne
disease. Any filter which, tested simultaneously and under
identical conditions with micro-organisms furnished ex-
perimentally with artificial assistance to growth exceeding
that which will occur in ordinary water, oflers for a suffi-

cient time the same resistance as does the Pasteur, may
at once be taken to give the same efficiency of filtration.

Any filter which does not must be condemned, unless
evidence be forthcoming to show that the efficiency of the
Pasteur filter exceeds that which is necessary for the pre-
vention of disease. An unfortunate instance of the results

which are liable to occur through the use of inadequate
filters came out recently in the House of Commons, where
the Minister representing the War Office stated that an
epidemic of cholera which occurred last year at Liu-know
had been now traced by a special committee, appointed
by the Government of India, to the pollution of the barrack-
room filter. This epidemic had been confined to the troops
of the East Lancashire regiment, which used this particular
filter. The strength of the regiment at the time was six

hundred, out of whom one hundred and forty were attacked
and ninety—or nearly one man out of every six in the
regiment—died.

Some iXtmxt patents.

Joseph Thuclier Clarke, Boston, Mass., U.S.A. Impvoveuients in
or relating to apparatus for the exposure, separation, and storing of a
paek or series of photographic films. This iuTention consists in an
arrdngement bv means of which a paek of sensitized films, or like
llexible sheets, mar be exposed in connection with an ordinary photo-
graphic camera, and may thereafter be transferred seriatiin to a
light-tight receptacle, where they are stored in another pack or scries.

The edges of the films are notched, as shown in Fig. 1. In making

N

9 (shown in Fig. 2) is a push plate, which

\f^

the films are supported,
is pierced by
two diagonal
slots II I, 10,

in which play

two pins 11,

11, projecting

from the cross-

bar 8. A lobe

of the push
plate 9 pro-

jects through
a slot 12 in the

casing, and is

fitted with a
handle 13. By
sliding the

handle 13 to

and fro in the slot, the film-changing mechanism may be operated
from the outside of the case. Tlie films are thereby released alter-
nately, and allon-ed to fall from the magazine into the receiver. (The
Frena Film Holder. R. iV J. Beck, L >ndon

)

So. 2.566. Bated 6t/i Februari/, 1893. Firefiaures.

\^^^^'^^^

1,'harles Scott Galloway, Glasgow.

U]) the films into a pack, an alternate sequence is maintained as regards
the position of these notches. The front of the magazine is provided
along its sides with two series of projecting teeth. Upon these teeth

Improvements in steam boilers.

This is a combination
steam boiler. In the
figure, which is a trans-

verse sectional elevation,

A and B are two fur-

naces formed to the re-

quired shape to fit into

the shells or water-

jackets C and D. The
furnaces are not concen-

tric with the shells or

water-jackets, but are

placed below the centre,

making the space be-

tween the top of the fur-

nace and the shell or

water-jacket the mini-

mum required for a man
to go inside and expand
the tubes. G G are cir-

culating water tubes ex-

ternally heated. F is tlie

steam and water drum.
The products of com-
bustion travel through
the furnace tubes A B,
then pass up the back,

coming forward among the tubes G, and upwards to the flue. J J are

walls of non-conducting material.

No. 19,913. Dated 19tt October, 1894. Accepted 24t/i Maj/,

189-5. Two fiqures.

THE FACE OF THE SKY FOR JULY.
By Herbert Sadler, F.K.A.S.

BOTH sunspots and faculte show but little decrease

in either number or magnitude. Conveniently

observable minima of Algol occur at llh. 48m.
P.M. on the 3rd, at 8h. 37m. p.m. on the 6th, and
at lOh. 19m. p.m. on the 26th.

Mercury is invisible during the first half of the month,
being in inferior conjunction with the Sun on the 1st.

After that he becomes a morning star, rising on the 16th

at 2h. 57m. .\.m., or Ih. 6m. before the Sun, with a

northern declination of 19° 48', and an apparent diameter

of 9-0 ', about xoths of the disc being illuminated. On the

21st he rises at 2h. 45m. a.m., or Ih. 24m. before the Sun,
with a northern declination of 20° 45 , and an apparent

diameter of 7f", tVcj^I^s of the disc being illuminated. He
is at his greatest western elongation (19^ 55') on the 23rd.

On the 26th he rises at 2h. 41m. a.m., or Ih. 34m. before

the Sun, with a northern declination of 21*^ 28', and an
apparent diameter of 6j", nearly half the disc being

illuminated. On the 31st he rises at 2h. 51m. a.m., or Ih.
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34m. before the Sun, with a northern declination of 21° 34',

and an apparent diameter of 6'0 ', nearly ^'otlis of the disc

being illuminated. While visible he describes a direct

path through Gemini, being near the 4th magnitude star

^ Geminorum on the 22nd and 23rd.

Venus is an evening star, and is a fine object in the

western sky. She sets on the 1st at lOh. 32m. p.m., with

a northern declination of 14° 37', and an apparent diameter

of 21^", nearly half the disc being illuminated. On the

10th she sets at lOh. 10m. p.m., or Ih. 57m. after the

Sun, with a northern decUnation of 10° 52', and an
apparent diameter of 231

', just half the disc being

illuminated. She is at her greatest eastern elongation
(45i

) on the 11th. On the 20th she sets at 9h. 41m. p.m.,

or Ih. 37m. after the Sun, with a northern declination of

6° 30', and an apparent diameter of 26j ", tVo'^^ o^ t^®

disc being illuminated. On the 31st she sets at 9h. 3m.
P.M., or Ih. IGm. after the Sim, with a northern declination

of 1° 43', and an apparent diameter of 30 .V, tVu^^^ o^ ^^^

disc being illuminated. During the month she describes

a direct path through Leo.
Mars is, for the observer's purposes, invisible.

The minor planet -Juno is in opposition to the Son on
the 11th, her magnitude at ths present opposition being

about equal to that of a 9th magnitude star. On the 9th

she transits at Oh. 10m. a.m., with a southern dechnation

of 4° 42'. On the 20th she transits at llh. 14m. p.m.,

with a southern declination of 5" 22'. On the 31st she

transits at lOh. 21m. p m., with a southern declination of

6^ 16'. At transit on the lOth she is IGs. p and 52 north

of the 5^ magnitude star / (26) Aquilie, and 2s. j> and ii'

south of the 7th magnitude star B.D.—4°, 4781. At 8h. 30m.
p.m. on the 27th she is in conjunction with the 3rd

magnitude star A Aquila?, 52' to the south. She pursues

a retrograde path through Aquila during July.

Jupiter is in conjunction with the Sun on the 10th.

Saturn is an evening star, and is fairly well placed for

observation. He rises on the 1st at 2h. 3m. p.m., with a

southern declination of 9° 18', and an apparent equatorial

diameter of 17f' ' (the major axis of the ring-system being

40J" in diameter, and the minor llV'). On the 10th he
sets at Oh. 4m. a.m., with a southern declination of 9^ 21',

and an apparent equatorial diameter of llh" (the major
axis of the ring-system being 40-1'' in diameter, and the

minor 11^")- On the 20th he sets at llh. 20m. p.m., with a

southern declination of 9^ 27',and an apparent equatorial dia-

meter of 17|" (the major axis of the ring-system being 39^"

in diameter, and the minor II3"). On the 30th Saturn sets

at lOh. 41m. p.m., with a southern declination of 9° 37', and
an apparent equatorial diameter of 1G|" (the major axis

of the ring-system being 38" in diameter, and the minor
llj"). Saturn is almost stationary during -luly in Mrgo.

Uranus is an evening star, but should be looked for as

soon after sunset as possible. He sets on the 1st at

Oh. 54m. A.M., with a southern declination ot 10° 21', and
an apparent diameter of 3-7 '. On the 30th he sets at

llh. Om. P.M., with a southern declination of 16° 17'. He
is almost stationary in Libra during July.

Shooting stars are fairly numerous in -luly, though the

twilight interferes with observation. A well-marked shower
radiates from near S Aquarii, the maximum being on the

28th. The radiant point is in R.A. 22h. 40m.—13' 0'.

The Moon is full at llh. 29m. p.m. on the 6th ; enters

her last quarter at 3h. 31m. a.m. on the 15th ; is new at

5h. 32m. A.M. on the 22nd ; and enters her first quarter at

8h. 36m. P.M. on the 28th. She wUl be in apogee at 7h.

A.M. on the 11th (distance from the earth 251,780 miles) ;

and in perigee at Ih. p.m. on the 23rd (distance from the

earth 223,620 miles).

CRbtss Colttmn.
By C. D. LococK, B..\.Oxon.

Communications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Solutions of June Problems.

(A. C. Challenger.)

No. 1.

1. K to K2, and mates next move.

CoEKECT Solutions received from G. G. Beazley, Alpha,

W. WiUby, J. T. W. Claridge, H. S. Brandreth, F. V.

Louis, A. Louis, E. W. Brook, and J. T. Blakemore.

No. 2.

Key-move.— 1. Q to KKt7.

. K to Q8. 2. B to B4, etc.

. K to Q4. 2. B to B4 ch, etc.

. K to B4. 2. B to Kt4ch, etc.

. Bishop moves. 2. B to B4ch, etc.

Correct Solutions received from Alpha, H. S. Brand-

reth, E. W. Brook, A. Louis, F. V. Louis, W. WiUby, and

J. T. Blakemore.

PROBLEM.
By C. D. LococK.

Black (.i).

1.

1.

1.

1.

^m

W^mL

White (6).

White mates in two moves.

We give below the first prize problem in the three-

move section of the tournament in connection with the

Manchester Weekly Times. It should be remarked that

competitors were debarred from the use of the White

Queen.
By A. F. Mackenzie, Jamaica.

First Prize.
Black if'*.

i , ^ »
g^^ , m 1S3.

• Wm.
White (11).

White mates in three moves.
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The following game obtained the brilliancy prize in the
recent toui-nament of the New Jersey Chess Association:

—



August 1, 1895.] KNOWLEDGE

y.^* AN ILLUSTRATED -"^^

MAGAZINE OF SCIENCE
SIMPLY WORDED-EXACTLY DESCRIBED

LONDON: AUGUST 1, 1895.

CONTENTS.
A True Story of Old Babylon. By Theo. G. Pixches,

M.E.A.S. (Illustrated)

Digestion in Plants. By J. Pextlaxd-Smith, M.A., B.Sc.

(Illustrated)

Antivenine. By Dr. J. G. McPhebsox, F.K.S.E.

Leaping Beetles. By E. A. BriLEB, B.A., B.Sc. {Illustrated)

On the Distance of the Stars in the Milky Way. By
C, E.IJTON. (Illustrated)

The Cluster Messier 46. and the Nebula Herschel IV.

39 Argus. By Isaac Eoeeets, D.Sc, F.R S

Letters :—Datid Flaxbbt ; Alfbbd J. Johxsos ; C. F.

Marshall
Science Note
Notices of Books
A Day on a Scotch Moor. By Habrt F. Witherbt.

(Illustratedj "

The Exploration of the Surface of the Globe. By
Prof. J. LOGAX LOBLET, F.G S.

The New Sea-Fish Hatchery at Dunbar. By L. N.

Bapexoch
Some Recent Patents. {Illustrated)

The Face of the Sky for August. By Hebbeet
Sadleb, F.R.A.S

Chess Column. By C. D. Locock, B.A.Oion

169

171

175

176

179

182

182

184

IfU

is.i

187

188
190

nil I

191

A TRUE STORY OF OLD BABYLON.
By Theo. G. Pinxhzs, M.E.A.S., Department of Egyptian

a»d Assyrian Antiquities, British Museum.

ACCORDING to the accounts and data that have been

handed down to us, Babylon, the capital of the

ancient realm of Babylonia, was the largest and

one of the most magnificent of the cities of

ancient times. Though its area greatly exceeded

that of London, it is nevertheless doubtful whether the

number of its inhabitants, even during its most prosperous

days, reached anything like a million souls. Within the

walls, however, were large tracts of cultivated ground,

where produce of all kinds, especially grain and dates, was

grown, providing sustenance for a large population : and

it is probable that no siege, however long, could have

starved the city into surrender. How Babylon was at last

captured by draining the Euphrates we all know. Had
the skill to defend the city been there when the Persians,

on that fatal night of the 11th of Marcheswan, entered the

city, and the son of the king died, the power of the native

rulers would probably have lasted much longer than was
really the case.

How far we must go back to reach the beginnings of the

great city, it is impossible to estimate. AU that can be

said is, that it came into prominence about 2300 nc, and

was probably, even at that date, a place of considerable

importance. To the whole Assyrian- speaking world, even

the Assyrians, who were often the enemies of the Baby-

lonians, it seems to have been a place of romance, for v

was the seat of the worship of Merodach, the chief of the

gods, and the capital of the country wherein had taken

place of old all the wonderful things told of their gods and
heroes and men of renown. To them all it was "the
seat of life " ' and " the gate of God," f but to the

nati%'e Babylonian it was more than all this— it was the

seat of the empire, a great city of celebrated fanes and

temples, with many a mystic rite and belief—" the ,f;lory

of kingdoms, the beauty of the Chaldees' excellency."

Many a life of joys and sorrows, of happiness and of

pathos and of tragedy, has been lived under the shadow of

the great towers of Babylon and P>or3ippa, on the site of

whose busy streets reigns now only silence—the silence of

a place utterly forsaken of men. From time to time this

quiet of the tomb is broken for a while by the pick of the

excavator, raising to startling lifeliheuess many a ghost of

bygone ages to haunt the world—and then, again silence

and desolation.

A HousE-s.^LE AT Babylox.—It was winter at Babylon

in the year 553 b.c. Nabonidus, the father of Belshazzar,

had been king for two years, and peace and commercial

prosperity filled the land. A little knot of about eight

persons had assembled for a not uncommon business

transaction, namely, the selling of a house and orchard.

There were the seller, the representative of the buyers,

four witnesses, one of whom was Iddina-Marduk the

money-lender, and two scribes, Kapti-ilSni-Marduk and

Nabii-zer-lisir, who, if they wrote the document now extant,

;

must henceforth be regarded as having been, in then- time,

past-masters in the art of beautiful writing.

The property sold consisted of a house and plantations

at Borsippa, a city which was, at this time, practically a

suburb of Babylon, and was renowned for its great temple-

tower, named fi-zida, ; The extent of the property is given

as " 7 canes, 5 cubits, 18 fingers," and it was disposed of

for 11| manehs of silver. It was a man named Iba

who was purchaEing the property of its owner, Daan-

sum-iddina, but he merely transacted the affau- by the

authority of Abil-AdJu-natanu and his wife Bunanitum

(also spelled Bunauitu and Bunanit), who were now the

real owners of the property. Ibfi took possession of the

house and paid the money. As for D.ian-sum-iddina, he

had henceforth no part in the property, for he had sealed

the deed with his name, and had given it to Abil-Addu-

natanu and Bunanitum. The copy of the seal of the two

absent piu-chasers having been examined and pronounced

to be genuine, the names of the witnesses and scribes,

which latter impressed their seals, were added, completing

the document. The date is " Babylon, month Sebat, day

24th, year 2nd, Nabu-na'id (= Nabonidus), King of

Babylon."
The Loan to make tp the Purchase-moxey.—One of

the witnesses to the above, Iddina-Marduk, son oflklsa,

son of Nur-Sin, has already been mentioned. He it was

who advanced to the couple a sum sufficient to make up

the amoimt required to pay the purchase-money. Whether

he had advanced the amount as a friend, or had had an

agreement drawn up, we do not know, but as at the end

of two years and three mouths the loan was still unpaid,

Iddina-Marduk, being a real man of business, had a tablet

drawn up to the following effect :

—

* In Akkadian Tiiitir, in Assyrian sohnlli lilaii, " Babylon, the

seat of life" (fenerally transcribed BtibiUi, siibat halali) being given

as BogiA so^a«a |3[aAaT.] during the Greek period.
_

f In Akkadian Ku-Dingirra, in Assyrian Bt'ih'ili or Babel.

X See the reproductions (obverse and rcTcrse) iUustrating this

paper.

§ Eegarded by many as the Tower of Babel.
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" 1|^ mana Sf shekels (= 1 mana 38^ shekels) of silver

from Iddina-Marduk. son of IkisS, son of Nur-Sin, unto
Abil-Addii-natanu, son of Addi-Ya, and Bunanitum his

wife. Each mana increases unto them monthly by one
shekel. From the 1st day of the month Sivan, of the
5th year of Nabonidus, King of Babylon, they shall pay
the amount pledged. The silver was the balance of the
money which was given to Ib:i as the price of the house.
They shall pay monthly the amount pledged.

" Witnesses : fi-zida-sum-ibni, son of Nabii-sum-usur,
descendant of La-kubburu ; Nabu-akhe-bullit, son of

Marduk-sum-usur, descendant of the Sukhite ; and the
scribe, Ablfi, son of Musallim-Marduk. Borsippa, month
lyyar, day 3rd. year 5th, Nabonidus, King of Babylon."

Yet this contract, apparently so solemnly undertaken,
and here so circumstantially recorded, and existing in at

least two copies, remained practically a dead letter for

nearly four years more—that is to say, there is no record of

either principal or interest having been paid for six years.

Possibly bad times came to Abil-Addu-natanu and his wife
—indeed, it is not impossible that a long illness may have
preceded his death, which took place before the end of the
eighth year of Nabonidus. Of the interval, however, we
have at present no account.
An instalment of the Lo.u^ repaid.—To the credit of

the widowed Bunanitum be it said, that sho did her best

ObviTse uf the t.ibiot ri-corJini; tlio sale of a house at Borsippa to Ibil, for
Abil-AdcUi-natjuuand liis wiio, in the seeondyearof Isabonidus (553 ]i c).

to fulfil, after her husband's death, her part of the contract

;

for, in the eighth year of Nabonidus, she paid nine shekels

of silver as part of the interest, as recorded by the

following document :

—

;

" 9 shekels of silver, the amount of the first payment,
Iddina-]\Iarduk, son of Ikii.a, son of Nur-Sin, has received,

as the interest of his money, from the hands of Bimanitum,
after the death of Ablada-natunu (= Abil-Addu-natann),

her husband. In the presence of Tabnea, son of Nabii-

:'ikhe-iddina, son of the priest of Ea (?) ; Nabii-kain-abli,

son of Marduk-sum-ibni, son of Dan-Nabii. Barsip
(:^=Borsippa), month Adar, day 18th, year 8th, Nabonidus,
King of Babylon." (A negative phrase follows, which
probably corresponds to our " without prejudice.")

The Lawsuit.—It was not until the property of

Bunanitum came before what probably corresponded to our

"chancery court," however, that Iddina-Marduk received

back all his money. IIow long he might have had to wait

if Bunanitum had not brought an action to restrain her
brother-in-law from taking possession of her property is

hard to guess. Two copies of the action (neither of them
the original sealed reports) exist. The text reads as

follows:

—

" Bunanitum, daughter of Hariza, said thus to the judges

of Nabonidus, King of Babylon :
' Abil-addu-natan, son

of Nikmadu, had me to wife, taking three mana of silver

as dowry, and I bore to him one daughter. I and Abil-

addu-natan, my husband, traded with the money of my
dowry, and we bought, for 9i mana of silver, with 2i
mana of silver which was from Iddina-Marduk, son of
Ikisfi, son of Ndr-Sin, which we added to the former sum,
8 canes of land and a small house, the territory of a
large property, which was within Borsippa. We carried

out this transaction together in the 4th year of Nabonidus,
King of Babylon.

" Now AbU-Addu-natan, my husband, had my dowry.
1 asked (for it), and Abil-Addu-natan, my husband,
in the kindness of his heart, scaled and bequeathed to me
for future days the 8 canes of land, and that house, which
is within Borsippa, and made it known on my tablet as
follows: ' 2i mana of silver, which Abil-Addu-natan and
Bunanit took from Iddina-Marduk and gave as the price

of that house—together they have made the agreement.'

He sealed this tablet, and wrote upon it the curse of the

great gods.

"In the 5th year of Nabonidus, King of Babylon, I

and Abil-Addu-natan, my husband, adopted Abil-Addu-

amara, and wrote the tablet of his adoption ; and we
announced that the dowry of my daughter Nubta was
2 mana 10 shekels of silver and the furniture of a house.

Fate took my husband, and thereupon Akabi-ilu,

son of my father-in-law, laid claim upon the house and
everything that he had sealed and bequeathed to me,
and upon Nabu-nur-Ili, whom we had bought from the

hands of Nabii-akhe-iddina, for money. I have brought
it before you—make a decision.

" The judges heard her words, they read the tablets

and documents that Bunanitu had brought before them,
and they did not let Akabi-ilu have power over the house
at Borsippa, which had been bequeathed to Bunanitu
instead of her dowry ; over Nabii-niir-iU, whom she and
her husband had bought for money, nor over anything
of Abil-Addu-natan. Bunanitu and Abil-Addu-amara,
by their tablets, possess (them). Iddina-Marduk agrees

to and receives the 2^ mana of silver which had been

given as the price of that house. Afterwards Bunanitum
receives 3i mana of silver, her dowry ; and besides her

share, Nubtii receives Nabu-nur-ili, according to the

contracts of her father.

By the decision of this judgment.

Nergal-banunu, judge, son of the Kab-bani.

Nabu dhe-iddina, judge, son of Egibi.

Nabii-sum-ukin, judge, son of Ir('?)ani.

Bel-ahe-iddina, judge, son of

Bel-etir, judge, son of

Nabubalat-su-ikbi, judge, son of

Nadinu, scribe, son of

Nabii-sum-iskun, scribe, son of the

Babylon, month Elul, day 2Cth, 9th year of Nabonidus,

King of Babylon."

With this favourable decision—undoubtedly just from

every point of view—the troubles of Bunanitum in all

probability came to an end ; and we may suppose that she

lived for the rest of her days happily with Nubta, her

daughter, and Abil-Addu-amara, her son-in-law, served by

the old slave that she and her husband had bought in

times long past.

The whole story gives an accurate picture of life in

Babylon during the later Babylonian empire—that
founded, apparently, by Nabopolassar, the father of

Nebuchadnezzar. This dynasty came to an end with

Nabonidus and his son Belshazzar, after whose death

Cyrus came to the throne. The prosperity inaugurated by
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the reign of Nabopolassar continued to increase during the

time of his successors, and was so firmly established that

the conquest of the country by Cyrus and his general,

Gobryas, hardly interrupted it. The inscriptions translated

above, therefore, belong to a period of unexampled

prosperity, and are only specimens of many thousand

similar texts, all of them important for the manners,

customs, and chronology of the time. They show how

r-.iiue tablet, showing the impressions of the seals of

the scribes.

ceaseless was the busmess activity and commercial enter-

prise of the Babylonians ; and the texts above translated

indicate to us that then, as now, the commercial prosperity

of a coimtry attracted foreigners, who settled there and
became as the natives of the land. Both Abil-Addu-natanu
and his foster-son Abil-Addu-amara were foreigners, most
likely from Syria, and in their own country must have
borne the names of Ben-Hadad-nathan and Ben-Hadad-
amara respectively. Bunanitum, however, was evidently

a Babylonian woman.

One of the ways of writing the name of the god Abil-Addu ("the son
oi^ Iladad"), the Ben-Hadad of the Syrians.

It will probably be some time before we get sufficient

data to enable us to realize the full extent of the intercourse

in ancient times between Mesopotamia and the west, but
it was probably much greater than we suppose it to have
been. There seems, indeed, to have been intercourse of a

somewhat intimate nattire between the Babylonians and
the Egyptians, even in prehistoric times, so much so that

at least one Egyptian word—that for "year," ronpet—was
regarded as a rebus, rendered "name (of) heaven," and
gave birth to the barbarous Babylonian compound, nni anna,

"name (of) heaven," which is the group used for sattti,

meaning "year." This implies a sufficient knowledge of

Egyptian, on the part of a r)abylonian, to decompose and
translate correctly the separated syllables of an Egyptian
word, probably some thousands of years before Christ, when
Babylonian was the linijua franca of the whole district

between the Euphrates and the Mediterranean.

DIGESTION IN PLANTS.
By J. Pentland-Smith, M.A., B.Sc.

THE term digestion implies those processes by which
food material is rendered available for the nourish-

ment of the organism. We shall confine our

attention in this paper to a consideration of some
of the more remarkable cases of plant digestion.

The nutrient matter partaken of by the higher animals,

such as man, undergoes various complex changes before it

can be taken into the circulation, and definite changes
occur in definite regions of the alimentary canal. To
begin with, the food is masticated in the mouth, where it

is at the same time bathed in a secretion poiu-ed forth by
the salivary glands. Not only does this fluid enable it to

pass more easily down the oesophagus or gullet into the
stomach, but it digests certain of its constituents. The
saUva contains a substance of complex composition, prob-

ably closely related to a class of chemical compounds
termed proteids. One of the essential distinctions of

proteids is that they consist of carbon, hydrogen, oxygen,
nitrogen, and sulphur, united in percentage i^roportions

somewhat as follows :—Oxygen, 20i) ; hydrogen, 6-9
;

nitrogen, 15-2
; carbon, 51-5 ; sulphur, 0-3. Many of

them are constituents of food, and we shall have to speak
presently of the changes they undergo preparatory to

absorption. The proteid-like substance in the saliva, to

which we now refer, is called ptyalia. Owing to its

action the starchy portions of the food are converted into

sugar. The curious feature is that the ptyalin itself

remains unchanged. There are numerous examples of

analogous actions in the domain of chemistry, and they
play an important part in plant nutrition.

A substance like ptyalin, capable of causing chemical
changes in other bodies while it itself remains un-
changed, is called a. ferment or enzyme.

When the food reaches the stomach it is subjected to

the action of a fluid secreted by special cells lining its

cavity. Some of these secrete an acid—hydrochloric

acid—and others secrete a ferment called pepsin. The
latter is only produced after the absorption of nitrogenous

matter by the cells ; its function is the conversion of

insoluble proteids into soluble compounds termed peptones.

It may happen that all the food material has not been
rendered available for the animal's nourishment by the time
it leaves the

stomach. We
find that
thereisapro-

. • - x^* . n . , -ffat^
vision made IbS'\''' ^'^-X^ , I ' :, ''^TltX'' ^-r
to meet this

contingency,
for into the

commence-
ment of the

intestine
fluids are
poured,which
are secreted

by the liver

and pancreas.

The bile, se-

creted by the

liver,contains

a ferment
that converts

starch into

sugar, and the

pancrea t ic

juice contains

three fer-
ments : tryp-

sin, which
converts pro- ^la. l-—Longitudinal Section of Maize (Zea

fD;rIaiTitr.r.on -Vai>; Fruit, end., yellow dense portion of en-
temsmtopep-

^g^j,^^^^. ^^_ epithelium of ecutellum; v.b.,

tones the vascular bundles
;
p.r., primary root.

action of
pepsin—but which possesses the additional property of

carrying the decomposition a stage further, breaking up

. . .V 6
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the peptones into "nitrogenous crystalline bodies, ebiefly

amides, such as leucin and tyrosin"; steopsin, which
emulsifies fats, and then splits them up into glycerine and
fatty acids ; and amylopsin, by whose action starch is

converted into sugar.

Now, it will be our endeavour to show that all these

ferments have their representatives in the plant-kingdom,

and to show what uses they subserve there.

In the foregoing figure (Fig. 1) we have a section

of the maize fruit, cut so as to show the connection of the

nourishing matter, or endosperm, with the embryo-plant.
The endosperm is markedly divisible into two portions

;

that to the left, shaded darkly, consists of cells filled with
nitrogenous material, the cells of the lighter shaded part

adjoining the embryo being densely filled with starch.

Starch is insoluble in water, and so cannot diffuse through
the cell-walls. It is found that during the formation of

the endosperm a ferment is formed whose function appears

to be the conversion of starch into a substance that can
easily pass through the cell-walls, and so be directly

available as food for the growing embryo. This ferment
has received the name of diastase. It converts starch

into sugar. But diastase is not confined to the seeds of

certain plants. It is of very common occurrence in the

vegetable world. Indeed, one observer has asserted that

it is present in all living plant cells. We may take as an
instance the potato-tuber and show its use there. During
summer the chlorophyll-bearing cells of the potato-plant

manufacture a large quantity of sugar, much more than is

required for its own growth. The superfluous sugar is

carried down to the underground stem and is there stored

in the form of the non-diffusible starch in portions of the

stem, which in consequence become much swollen, forming
the potato-tubers. These remain dormant during winter,

but burst into vitality the following spring. Each eye,

which is in reality a bud, shoots out into a stem bearing

leaves, even although the tuber be kept in a dark cellar,

and one observes that at the same time the tuber

decreases in size and ultimately becomes quite shrivelled

up. The development of the stem thus takes place at the

expense of the tuber ; it is accompanied by complex chemical
changes, one of which is the conversion of the starch in the

tuber into sugar by the agency of the diastase stored up
there. The sugar thus formed helps to build up the proto-

plasm of the growing aerial stem.

Numerous other instances might be cited of the presence
of this ferment in plant cells. In fact, its common
occurrence has led to the classification of ferments having

a similar action as diastatic ferments. It is obvious that

the ptyalin of the saliva is one of these.

The action of diastase upon starch can be demonstrated
ia the following manner. The diastase is extracted from
the seed by means of water and glycerine, and poured into

a " solution " of starch. After a longer or shorter period
•—depending upon the temperature— the starch is seen to

be converted into sugar. If its action be examined ;'/( situ

it is noticeable that the grains are gradually dissolved in a
uniform manner.

It has recently been shown by Brown and Morris that in

addition to the diastase, whose almost universal presence
in living plant cells we have just noted, there exists in the

seeds of certain grasses another form of diastase, to which
they have given the name of "secretion diastase" to

distinguish it from the former, called by them " trans-

location diastase." Referring to Fig. 1, we see that a
portion of the stem below the first leaf (cotyledon) is very
large and shield-shaped. On this account it has received

the name of scutellum. In its outer layer of cells, or

epithelium, adjoining the endosperm, the secretion diastase

is manufactured, and it is poured forth into the neighbour-

ing endosperm cells, where its presence can be detected by
its remarkable action upon the starch grains. It converts

these into sugar, but their dissolution does not proceed

uniformly; instead, the grains assume "a markedly pitted

appearance, and ultimately dissolve. This diastase also

differs from translocation diastase in the time of its

appearance. It is only formed when the grain commences
to germinate. Its function thus appears to be the

conversion of starch into sugar for the benefit of the

germinating plant. If the actively growing embryo (Fig.

2, a) be placed on starch paste, with the scutellum resting on

Fio. 2.—A. Germinating embryo of Maize, detached from eudo-
?perm ; ewrf., scutelluin ; s.y., secondary roots ; p.^ primary stem;
p.r., primary root. B. Transverse section of Date seed (•stone").

the paste, the starch grains will display marks of corrosion,

due to contact of the secretion diastase secreted by its

epithelium.

Yet another digestive action occurs in the endosperm of

grasses, according to Brown and Morris. Previous to the

dissolution of their starchy contents the cellulose cell

walls near the scutellum become soft and ultimately dis-

organized. This is accompanied with the appearance of

starch in the epithelial sscreting cells. The diffusible

substance formed from the cellulose is not known. Prob-

ably it is sugar, which, passing into these cells, becomes
stored up as starch. The ferment causing this action has

been isolated ; it is a proteid substance, and is secreted by
the epithelial cells of the scutellum. These cells thus

secrete two ferments, one to dissolve the cell walls of the

endosperm, and another to dissolve the starch grains thus

exposed.

There are certain seeds in which the endosperm is

composed mainly of cellulose. This is markedly the case

in the date palm ( PJianix dnctijlifera ). Everyone is

familiar with the extremely hard nature of the date
" stone." This stone is the seed of the date. A trans-

verse section of it is shown in Fig. 'A, b. The embryo
occupies only a small portion of the seed ; the remainder

is filled with endosperm which has taken the form of

cellulose. An examination of the seed a short period after
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the commencement of germination shows a somewhat
different state of affairs. The main part of the embryo
lives oTitside the seed-coat ; the endosperm has decreased

in amoimt, and a part of the cotyledon is closely applied

to it. As the embryo increases in size, the endosperm
gradually decreases, until it finally disappears. From the

relative positions of the parts it is obvious that it must
have been absorbed by the young plant, and the only way
to account for the corrosive action of delicate cells on so

hard a material is the assumption that these cells secrete

a ferment, and that this dissolves the cellulose, as in the

barley grain. Search for such a substance in the date

palm has, however, hitherto been in vain.

Prof. Marshall Ward, in an elaborate paper in the
" Annals of Botany,'' shows that he succeeded in isolating

a cellulose-dissolving ferment from a fungus called

"batrytis," that sometimes causes havoc among lily

plants, giving rise to what is known as the lily disease.

The threads (hyphfe) of this fungus eat their way into

the interior of the li%-ing cells of the host plant. From
their tips a brilliant, refringent, viscid fluid is secreted.

Marshall Ward cultivated the fungus in Pasteur's solution

-^a nourishing fluid containing the constituents of fungus

food in a readily available form—and so procured a large

number of the fungal liyphro. On squeezing these in water

he obtained a large quantity of a fluid containing the fer-

ment in solution, for when it was applied to thin sections

of the lily stem, the cellulose walls were observed to

swell up and become gradually dissolved.

Starch and cellulose are composed of carbon, hydrogen,

and oxygen, the latter two being present in the same
proportion as in water, viz., one to eight by weight.

Such substances are termed carbo-hydrates.

Hitherto we have considered only the digestion of these

bodies; we shall now direct our attention to enzymes, by

whose action complex nitrogenous compounds are

rendereddirectly suitable for plant food. The most remark-
able, or at least the most interesting, examples are found

amongst the so-called insectivorous plants.

The pretty little Sundew {Ihvsern rotuniHfolia), consist-

ing of a small root and rosette of reddish-green leaves,

nestUng in tufts of sphagnum moss, displays a markedly
digestive action, causLngit to resemble the animal stomach
in many respects. Its method of capturing and retaining

its insect prey was explained in a previous paper in

Knowledge. In it, as in other insectivorous plants, the

use subserved by its digestive property is quite obvious

from a consideration of its habitat. It lives in marshy
places, where there is small store of nitrogenous food.

The species of Drosera shown in the plats {Dros^ra

dichotoma) is not a British fern, but it illustrates the

main features of the British species. Insects retained by
the viscid fluid secreted by the leaves soon undergo
decomposition. The nitrogenous parts of the body are

digested—the hard outer skeleton alone is left—and the

products of digestion are absorbed by the leaves. After

stimulation by the absorption of nitrogenous matter, the

secreted fluid contains a ferment and an acid. The
ferment in presence of the acid attacks proteids and con-

verts them into peptones. The stomach, we previously

noted, contains an acid, and a ferment called pepsin, which
has the same property as that of Drosera. Pepsin also is

only secreted after the absorption of nitrogenous matter
by the walls of the stomach. In these respects, then, it

appears that the digestion occurring on the tentacles of

Drosera is similar to that taking place in our stomachs.
It would appear that the ferment of Drosera is the same
as, or at least closely allied to, the pepsin found there.

The leaves oi Pinyuuul-ii rjf/i/nns (the Butterwort), another

common British insectivorous plant, displays a like action

to that of Drosera. Insects captured by the sticky secretion

on the upper surface of the leaf are rolled towards the centre

by the iucur^ing margin, which secretes a peptic fluid.

A photograph of Veuus's Fly-trap (Diomea mmciptda), a

native of North Carolina, is reproduced in the accompanying
illustration. On each lobe of the leaf are three long

jointed hairs, extremely sensitive to contact of a solid body.

Veaus's Fly-Traii.

An insect alighting therein and touching one of the hairs

instantly finds itself a prisoner, as the lobes immediately

close up and clasp tightly the unwilling guest. Glands on

the upper surface of the leaf secrete an acid fluid, into

which a ferment is poured after the absorption of nitro-

genous food. The result is that the captured insect is

soon digested, with the exception of the hard cuticular

skeleton. The glands are shown in section in Fig. 3, b.

They consist of a rosette of cells supported on a very

short stalk, bringing them slightly above the level of the

other epidermal cells. The section also illustrates the

jointed nature of the long hairs. The presence of the

joint enables the hair to bend down, and thus prevents it

breaking when the lobes become approximated.

The arrangements for the capture and retention of

insects with a view to digestion are very elaborate in the

Nepenthes or pitcher plant, a specimen of which is shown

in the plate. The winged portion of the leaf (the petiole

or leaf-stalk), the tendril, the outer surface of the pitcher,
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and the under surface of the lid are covered with nectar-

secreting glands. Especially numerous are these on the

under surface of the winged petiole. They allure insects

to the orifice of the pitcher. The rim is corrugated, and
each corrugation corresponds to a bottle-shaped nectar-

gland, whose orifice faces the bottom of the pitcher. The

hair

l^^gp5i^5P?tite:-fcy

Fig. 3.—B. Transverse section of leaf-blade of Dionrea mtiscipiila.

Notice the jointed sensitive liair and the digestive glands.

upper part of the inner surface is so very smooth that an
insect is unable to obtain a foothold thereon ; the lower

part is partly filled with a watery liquid, into which is

poured a digestive fluid by peptic glands lining that portion

of the inner surface. The upper smooth part has been termed
the conducting surface. In the sketch on the following

page (Fig. 4, a) is depicted a small portion of it. The
lenticular excrescences were considered by the late Prof.

Dickson to be modified stomata ; Prof. Macfarlane has
lately verified this supposition by finding every transition

between these and perfectly formed stomata. What hap-

pens is this : one of the stomatic guard cells rises above

the level of the epidermis in such, a manner as to cover

the other guard cell and the stoma from the view of the

observer. The function of these modified stomata is

unknown, but it is conjectured that they secrete the greater

part of the liquid found in the cavity of the pitcher. In
support of this it is to be noted that the pitcher lid is at

first closely applied to the rim of the pitcher ; by and by
it gradually opens, and never again shuts up. But in

unopened pitchers a considerable quantity of liquid is to

be found, and Macfarlane states that in species of

Nepenthes, with a large conducting area, large quan-
tities of liquid are exuded. In any case the liquid,

containing an acid and a ferment, acts in a manner quite

similar to the digestive action of Drosera, with the

result that in the pitcher insects may be found in all

stages of decomposition. This decaying mass must act

as an attraction to insects in the native haunts of the

Nepenthes, causing them to fly straight into the cavity

of the pitcher.

Macfarlane gives an interesting account * of observa-

tions made by him on the visits of insects to the Nepenthes
in the conservatories of the Eoyal Botanic Gardens,

Edinburgh :
—" Being in (one of the conservatories) at 8'30

p.m. on a clear evening in June, a large cockroach was
noticed to be perched on the front part of the corrugated

collar of a fine pitcher of N. kJuici/ana. Approaching

cautiously, it was seen to bend its head into the pitcher

cavity and sweep it rapidly in successive jerks round the

inner edge of the corrugated collar, where the products of

the marginal glands would lie. Sipping the material from
these, it then rested for a moment, and enjoyed with

evident relish the cleaning of what adhered to its mandibles.

It then repeatedly tried with its fore legs to step on to the

conducting surface of the pitcher cavity, but always slipped;

so leaving this it reared itself on its long hind legs by

planting one on each side of the rim, catching with the

middle legs on to the lower sides of the lid. Placing its

fore legs on the middle of the lid, it swept with its mouth
parts the richly honeyed surface in long lines. But this

did not appear to be satisfying, when compared with the

product of the marginal glands, for it speedily returned to

these and renewed its jerking mode of feeding. It again

attempted to get into the pitcher cavity, but finding this

unsafe, it finally licked up traces of the marginal gland-

secretion which its fore feet had smeared on the corrugated

collar. Eunning dowu the outside of the pitcher, it passed

up the tendril and on to the under laminar surface, where
its presence would have been perfectly unsuspected had
any insectivorous birds been in the neighbourhood, and
where also, as Mr. Symington Grieve has suggested, it

would have been sheltered from the sun's heat in the

daytime. I gently scratched the upper surface above where
it was, and it at once retraced its steps in a hurried manner,
till it reached the outer surface of the pitcher. Here it

rested for a time sipping the juice which exuded from
alluring glands, but it soon passed to its old position on the

collar. Though disturbed a few minutes before, it seemed
quite to forget its fright, and again fell to cleaning the

marginal gland-orifices with the utmost care and gusto.

It rested now and again only to resume operations, once

making a short excursion to the lid- surface, which appeared

to me to offer far greater attraction, but seemingly

regarding this as inferior, it returned to the collar.

Constantly trying to get on to the conducting surface,

and as often foiled, it again ran up along the tendril to

the under surface of the lamina. Again I scratched this,

and the former course was taken, the former efforts made.
I was greatly struck by the careful way in which, while

attempting to pass into the pitcher, it hooked its two
strong hind legs over the reflexed collar-margin, and by

the ability it showed to pull itself back by these alone, the

second as well as the first pair of legs often being inside

the pitcher. Tired of its movements after the fifth

excursion, and finding that twilight was approaching, I

finally jerked it into the cavity with my pencil, as it hung
on the ridge exploring the interior. In its fall it quickly

spread out its long legs agamst the sides of the conducting

surface, and struggled violently to get out. For a short

time this proved useless—it rather slipped deeper ; but

after one severe effort it hooked the claws of its fore legs

over the corrugated i-im, and pulled itself out. I con-

sidered that it had fairly earned liberty, and it speedily

moved ofi'."

This observation confirmed the supposition of the great

attractive nature of the marginal glands of the corrugated

rim. Observations on the visits of ants afforded further

* " Annals of Botany," Vol. TIL, page 436.
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confirmation. These insects are allured by the glands on
the stem and leaf to the margin of the pitcher, proceeding

by way of the under surface of the winged petiole, on
whose ridge are numerous nectar-secreting glands. The
wings also sliield them from the rays of the sun and from

the observation of foes. Having reached the pitcher rim

they strive to obtain nectar from the orifices of the

marginal glands, and in their eagerness they over-reach

themselves and fall into the cavity of the pitcher, from
which escape is practically impossible.

In connection with the visits of ants to Nepenthes, an
extremely interesting circumstance has been noted which
seems to throw some light on the doctrine of acquired

characters— a point of dispute amongst biologists.

Nepenthes bicakarala is infested by a particular species

of ant. On the tendril opposite the bottom of the pitcher

is a small swelling. In specimens obtained from its native

habitat a round hole has, as a rule, been drilled in the

swollen portion ; but in those grown in our conservatories,

although the swelling is always present, it is never
punctured. The suggestion has been made that the ants,

finding it impossible to obtain the liquid contents of the
pitcher in the ordinary way without fatal issue to them-
selves, have resorted to this method from an instinctive

knowledge of the fact that water will rise to its own level,

for when the swelling is punctured the liquid in the pitcher

oozes from cell to cell until it reaches the aperture. The
extra supply of liquid thus brought to this region of the
tendril causes an excessive growth of the tissues at this

point. Owing to the visits of these ants, this hyper-

trophy has occurred in the majority of individuals of the

species for numberless successive generations, and has so

affected the constitution of the plant that now the swelling

always appears, although the original inducing cause be
absent.

In the accompanying plate a specimen of the Australian

Pitcher plant
f
Cephnlotus folUcidaris j is shown. It is only

found in the

moorlands of

Albany, in

Western
Au s tral ia.

Two idnd of

leaves are
found on the

plant. The
laminsEof the

lower rosette

of leaves are

transformed
into pitchers

to entrap un-

wary insects.

The pitchers

are rendered
attractive by their bright colour, and their outer sur-

face is provided with nectar-secreting glands. As the
pitchers rest on the ground, wingless insects are thus
allured into their cavities. Once inside, escape is almost
impossible, as a consideration of the structure of the

interior of a pitcher will render evident. On the inner

edge of the involute margin is a fringe of decurved spines,

and every cell of the epidermis below is projected into a

sharp downward-directed hair. The rim of the deep
circular involution is likewise armed. Then the basal

portion of the pitcher is filled with a liquid, into which are

exuded an acid and a ferment by glands situated on that

portion of the epidermis.

The trypsin secreted by the pancreas has its analogue in

FlO. 4.—A. Portiou of epidermis from eou-

dueting surface of pitcher of jS'epenthes. Notice

the U^nticular cxcreseences (st.J. Tliese are

modified stomata.

the plant kingdom in a ferment found in a tropical plant

called the Papan (do-ica papaijo). Green states that the

natives of India have for long used the fruit of this plant

for cooking with tough meat to make it tender, and that

there is a prevalent notion that wrapping its leaves around
it, or even hanging it under the tree, has a similar effect !

Certain it is that a ferment— papilin—has been isolated

from the fruits, which has the power of digesting various

proteid substances.

The power of the walla of the true stomach of the

sucking calf—rennet—to coagulate milk by the secretion

of a ferment is famihar to all ; but some plants have a

similar property. The common Bedstraw [Galium venim)

is even now used by West of England dairymen for this

purpose, and in the days of Linnseus the Laplanders put

the leaves of Pinfjuicida vuhjaris (the Butterwort) to the

same use. Both plants contain a milk-curdling ferment,

which has also been found in the stem, leaves, and seeds

of various other plants.

In Piicinus communis (the Castor-Oil plant) the endosperm
is oily. If a glycerine extract of the germinating seed be

mixed with an emulsion of castor-oil, and kept at a tem-

perature of 40° C, the liquid becomes acid, and after some
days glycerine make its appearance. If the extract be

boiled before it is added to the oil, these changes do not

occur. They are the result of the action of a ferment

present in the endosperm of the germinating seed. This

ferment is thus similar in its action to the steapsin of the

pancreas.

ANTIVENINE.
By Dr. J. G. McPherson, F.R.S.E.

IN
the July number of Knowledge I communicated
some of the results of Prof. Eraser's admirable

experiments on snake poisons and their antidote.

The other day he laid before the Royal Society of

Edinburgh some equally important results. He has

continued the same line of experiment with increased

success, and he can -now see the very important boon his

discovery will confer on the people of India.

His method is to ascertain the minimum lethal dose for

an animal ; to begin experimenting upon a similar animal

with a smaller dose. After a short interval he increases

this dose, until in time he can inject fifty times the mini-

mum lethal dose into the animal's blood without producing

any bad effects. This animal is immunized, and its blood

serum, injected into another animal of the same size and

weight, will prevent the action of snake poison when
injected. Besides, if, in an animal which has had snake

poison injected into its blood, a quantity of this immunized

blood serum be injected within a reasonable time, the

poison is antagonized, and is rendered innocuous. This

immunized blood serum is called by its discoverer

antivenine.

Prof. Eraser has now found that the blood serum of

a rabbit, which had received thirty times the minimum
lethal dose, was quite as effective in its antitoxic properties

as that of a rabbit which had received fifty times the

minimum lethal dose. The latter, however, will survive

a much larger dose than the former. Still, for anti-

venine purposes,' this is a saving in the very scarce snake

poison.

The most important discovery was to be left for the

experiments on the horse. So much poison was required

to immunize a horse, that the professor had to defer his

experiments until he procured from the Indian Govern-

ment a sufficient quantity. This he has secured. In
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February he commenced injecting a clean horse with
one-fifth of the minimum lethal dose. The next injection

of one half the minimum lethal dose was given seven days
later ; then three-fourths of that quantity five days after

this. He went on gradually increasing the dose in this way
for four mouths and a half. Thetirst injection caused general
disturbance and rise of temperature, but the subsequent
ones had no bad efl'ect, except the local symptoms of

cutaneous oedema and necrosis of small patches of skin at

the point of injection. He obtained the blood serum from
this immunized horse, after the long interval of experiments,
by drawing oil" some from its jugular vein. He found that

a hundredth and even a thousandth part of a cubic
centimetre per kilogramme of animal was sufficient to

prevent death from the minimum lethal dose of the
venom. The antivenine obtained from the horse was
found to be twice as powerful as that from the rabbit.

The dose last given to the horse may have been fifteen

times the minimum lethal dose, so that antivenine can
evidently be obtained from the horse by administering
that quantity of the poison. Although experiments may
yet prove that more powerful antivenine might be desired,

yet that obtained from the liorse is quite powerful
enough for counteracting the poison of snake-bites in

man.
Already a quantity of this antivenine is on its way to

India for use there. Prof. Fraser has put it up in two
forms, a liquid and a dry form. The dry state has an
advantage over the other in more ways than one— it goes
into less bulk, is practically indecomposable, and loses

none of its antitoxic properties by being dried. On the
other hand, some which was put up in the liquid form
underwent decomposition, or at least, became quite turbid
in appearance, though at first quite clear. Now if that
happens in our temperate climate, it would be much more
likely to decompose in tropical countries. Accordingly
the dry antivenine will ultimately be the exported product
for use in India.

Prof. Fraser has observed a peculiar fact, viz., that

dietary has an effect upon venom poisoning : for example,
if an herbivorous animal be put upon flesh diet, the effect

of venom upon it is much lessened. To prove this, he
took a family of young white rats, and for seven weeks fed

them entirely upon flesh food, except occasionally when a
little vegetable food was given to keep them in good health.

One of these rats had an injection of one and a half times
the minimum lethal dose to commence with, and there

was very little or no change produced by the poison.

Another had twice the minimum lethal dose injected ; it

recovered after a short illness. The other rats died from
ill-health occasioned by the change of dietary.

By another set of experiments. Prof. Fraser hag found
that the deadly efl'ects of serpent's venom is supposed to be
due to its efl^ect on the blood. Venom is almost inert when
introduced into the stomach or any other part of the
alimentary canal. A cat was made to swallow one-fifth

of the minimum lethal dose, then one-third, and then one-
half, and so on, until on the one hundred and sixteenth day it

received into the stomach at one time a dose eighty times
larger than what would have killed a clean cat by injection

— yet no observable disturbance was produced by these
doses. To Lave carried theje experiments any further
would have required upwards of a gramme of venom. This
he could not afford with a rapidly diminishing supply.

This cat, so far immunized by the stomach, was then given
under the skin an injection of one and a half times the
minimum lethal dose ; and no bad effects were produced
except the merely local ones. In the curious case of a cat

which vras being immunized while jiregnant, it was found

that the kittens, after birth, also became immunized
through the mother's milk. One of the kittens received a

dose considerably above the minimum lethal dose and
recovered.

Important evidence in favour of the administration of the

venom into the animal's stomach, for the sake of having it

immunized, has been obtained with white rats. One received

by the stomach a thousand times the amount which would

have been a minimum lethal dose when injected under the

skin into the blood. Afterwards, the same rat had twice

the minimum lethal dose injected subcutaneously, and it

became sleepy for a time, but soon recovered its hilarity.

Accordingly, when snake's venom is introduced into the

stomach it does not produce any active poisoning effects;

but some of it seems to become absorbed into the animal's

blood so as to assist in the immunization. This may
account for the immunity from snake-bites said to be

enjoyed by some of the snake-charmers of India, who eat

the dried poison glands of the snakes.

Snakes themselves seem to have some substance in their

blood which renders them impervious to the effects of the

poison. This may probably be got from venom shed from

the poison-glands, and absorbed through the mucous
surfaces of the mouth ; or it may be absorbed by the blood-

vessels and lymphatics passing to and from the glands. In

some cases it may be secured by serpents devouring other

members of their tribe, thereby absorbing venom by the

stomach.
Prof. Fraser has obtained a living venomous snake,

and he intends to test its blood for antivenine ; but as

it has been shedding its skin since he received it, he has

put ofi' the experiments till the animal recovers its good
health.

It is now within the region of certainty that at no distant

date this indefatigable snake-charmer of a scientific

character will be able to send out to India sufficient

quantities of dried antivenine from the immunized horse

to be of inestimable service to those who are exposed to the

bites of venomous snakes in that extensive country. The
experiments, interesting and curious as they undoubtedly

are to the ordinary reader, are of paramount importance

to humanity ; and Prof. Fraser's discovery is sufficient to

give him a distinguished place among the advancers of

medical research. Should he yet be able to discover the

chemical constituents of the antivenine so as to manu-
facture it by chemicals, his success will be complete. All

interested in the saving of life must wish him every success

in his laudable undertaking.

LEAPING BEETLES.

By E. A. BuTLEK, B.A., B.Sc.

THE power of springing up into the air, and thus
taking long leaps from place to place, is not a very
prevalent accomplishment in the insect world, and
amongst British insects it is possessed by not more
than about four per cent, of all the species.

Besides occasional instances here and there, such as the

fleas and the cheese-jumper, in the order Diptera, there

are certain groups of greater or less extent that are dis-

tinctly characterized by the habit. The best known of

these are no doubt the grasshoppers amongst the

Orthoptera, the frog-hoppers amongst the Homoptera, and
the spring-tails, which constitute the order CoUembola,
minute, soft-bodied creatures, found in great abundance in

grassy places, and under stones, logs of wood, dead leaves,

moss, etc. The gymnastic mechanism in both the spring-
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tails and the familiar cheese-jumper is of a somewhat

exceptional character ; the former have a forked spring

bent under their bodies, and the latter performs its spas-

modic jerks by coihng itself into a circle and then violently

straightening itself out, with the result that it is shot

about indiscriminately in a manner that defies calculation.

But in most of the other instances the mechanism is of

one uniform type, and consists of a highly developed mass

of muscles enclosed within the greatly enlarged thighs of

the hind pair of legs, and this may be considered as the

most usual type of structure associated with leaping habits,

finding its counterpart even amongst vertebrates in the

enlarged hind legs of the kangaroos and jerboas.

This type of structure is exemplified, not only in the

familiar groups already enumerated, but also in another

set of leapers, less well known, and found amongst the

Coleoptera, or beetles. These leaping beetles form the

group known as Halticte, and it is this group of which we
are to speak in this paper. They
are almost all of very minute size,

and consequently not generally well

known ; nevertheless, many of them
are extremely abundant, and from

their ravages, some of them have
become of considerable commercial
importance. The best known and
the worst offenders are called by

farmers "turnip tleas," or ''turnip

flies," and as an example of the

havoc it is possible for them to work,

Curtis, in his " Farm Insects,"

mentions a case reported from

Devonshire in 1786, in which it was
stated that damage to the extent of

£100,000 was done to the turnip

crop during an imusual visitation, in

that county alone. This group of leapers forms a homo-
geneous collection of vegetable feeders, amounting in

the British Islands alone to some hundred and twenty

species, which is not more than one-third of the number
that inhabit Europe at large. But as the majority of them
are attached to wild plants which are of no commercial

importance, the true pests form but a small percentage of

the total number of species.

The strong family likeness that exists amongst all these

beetles makes it easy to obtain a good idea of the general

structure and habits of the group from the detailed examina-

tion of a single species. We will select as our typical

example one of the commonest of the group, the " turnip

flea," properly so called. It is a minute, hard- skinned

beetle, ranging from about one-twelfth to one-tenth of an

inch in length, with black body, bronze-black thorax, and

black wing-covers, each of which is adorned with a longi-

tudinal yellow stripe, and covers a large folded membranous
wing. This description, however, is not nearly minute

enough to correctly distinguish the species, for it would

apply equally well to several species which are very closely

allied, and difler from one another chiefly in such minute

points as the width and exact shape of the yellow stripe,

and the colour of the legs. The true turnip flea is called

Phiilhitreta nemnruiii (Fig. 1), but in all probability its

depredations are considerably exceeded by those of a far

commoner and slightly smaller species, called P. widulnta,

which is one of the most abundant insects in the country.

These two little pests and their allies belonging to the same
genus are specially attached to cruciferous plants, notably

the turnip, radish and horse-radish amongst cultivated

kinds. To anyone who has grown a bed of radishes it must
have been a familiar experience to note the leaves riddled

Fia. 1.—Turnip Flea

(
PhifUotreta nemorum

) ;

niiignitlecl twclre dia-

meters.

with multitudes of minute holes (Fig. 2), as though they

had received a charge of small shot. This damage is the

work of turnip fleas. If a bed of radishes so marked be

carefully looked over, especially

if the holes appear freshly formed,

the eye will soon learn to detect

a number of minute insects here

and there, sitting on the leaves ;

as soon as the hand approaches

them with intent to capture, they

suddenly pass into invisibility by

springing up so quickly that the

eye cannot follow the direction

they take, just as would be the

case with a true flea.

The oval green eggs are laid

on the under side of the leaves,

but as the perfect insect itself is,

at the outside, no more than one-

tenth of an inch in length, it is

easy to see that the eggs must be

so minute that a search for them
over the wide area of a turnip

hopeless matter

Fro. 2. —Portion of Radish
Leaf perforated bv Turnip
Flea.

Fig. 3.-Clirysali

of Turnip Flea.

field would be rather a

The best way to observe them is to place

some of the beetles in a glass tube surrounding a growing

plant in a flower-pot ; they will soon lay some eggs, and a

lens brought to bear upon the few leaves enclosed will be

able to discover them. The eggs hatch in about ten days,

yielding a little six, or rather, seven-legged caterpillar-like

being, which at once eats its way into the body of the

leaf; ensconced there, it proceeds to devour the soft cells

of the leaf tissue that lie between the two cuticles, thus

excavating a minute tunnel, along which it travels by

means of its six hook-like front legs and its terminal prop.

It takes rather less than a week over

this operation, and then leaving its

burrow, descends to the ground and

buries itself in the soil to the depth of one

or two inches, taking care to select a spot

near to the turnip root, so that the over-

hanging leaves may provide suitable shade

and preserve a proper amount of moisture

in the soil. While thus buried it becomes

a chrysalis (Fig. 3), which, small as it is,

exhibits all the details of the future beetle,

head, thorax, wing-covers, legs, antennse, neatly folded

beneath the investing pellicle.

About a fortnight is sufficient for the necessary internal

changes to be completed, and then the new beetle issues

from its close-fitting garment and pushes its way to the

surface of the soil, ready to resume the attack on the

leaves which has for the past fortnight been intermitted,

but attacking them from without instead of, as before,

from within. Thus a period of rather less than five weeks

suffices for the beetle to pass through all its changes, from

the egg to the adult, though this must not be taken as a

measure of its lifetime, for it often Hves for several months

after becoming a perfect beetle. So short a period being

all that is necessary to carry the insect through its trans-

formations, and put it into the position of becoming the

founder of a family, it is not surprising to learn that

several broods are to be met with during the course of one

season. A succession of five broods is not an unusual

number, and though the insect is not by any means what

might be called a prolific pest when compared with most

others, rarely laying more than one egg per day, still there

are considerable possibilities of multiplication involved in

this succession of broods. Large numbers of the insects

survive the winter, going into winter quarters in moss.
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under the bark of trees, under stones, or in any other of

the thousand and one hiding-places easily discoverable by
an enterprising creature, gifted with a triple locomotive
power, in walking, leaping and flying.

Considering the insignificant size of the beetles, and the

really minute quantity of matter which, at the most
extravagant computation, must be sufficient to serve them
as provisions for a lifetime, it is difficult to realize the

possibility of their becoming a serious nuisance to agri-

culturists ; and, indeed, it is only under special condi-

tions that their depredations are of much importance.
When we have the plants at their weakest, and the beetles

at their strongest, i.e., when the plants are seedlings and
the insects fully grown, it is then that the most serious

results follow from the attack of the beetles. The mining
of the full-grown leaves by the grubs is a matter of very

little importance, and in fact can scarcely be detected till

the grub has left its tunnel, when the cuticle forming its

roof becomes dry and discoloured. But if tlie beetles

happen to be in the perfect condition just when a young
crop of turnips are appearing above ground, they will at

once attack the cotyledons or seed-leaves, and speedily

ruin the plant by weakening it and cutting off its supplies.

But after the plant has reached a certain size, it has
vitality enough to enable it to withstand the damage,
which with the large size of the plant is, of course, pro-

portionately less, and hence the attacks of the beetles are

not of so much consequence.
If the insects confined themselves to cultivated plants,

it would no doubt be easier to take measures against them
;

but this is not the case. They are found naturally on
many wild cruciferous plants, such as charlock, hedge
mustard, etc. ; but if a crop of turnips springs up in the

neighboiu-hood, they will not be long in discovering the

fact, and speedily forsake their natural food for the more
luxuriant supply man has provided. It seems likely that

they are guided by scent, for they have been observed
advancing in great numbers towards a newly- appearing
turnip crop mjainst the wind. In warm weather they
readily take to the wing, but as the temperature falls they
become less active. Their favourite method of locomotion
is certainly leaping, and they can cover about eighteen
inches at a single bound. As they are so abundant, so

easily travel from place to place, and so readily find other
foods when man's supply fails, it follows that a complete
extermination from an infected field on a given occasion

would not guarantee immunity from the pest a short time
afterwards. However many we may destroy, there is

always a plentiful residuum lefc amongst the grass and
weeds in most uncultivated places, ready to swoop down
upon the young crops as soon as they put in an appearance.
It is curious that the jaws they use to nibble their holes

in the leaves are, though a pair, unlike in shape ; both are

strongly toothed (Fig. 4), but one is furnished with three

teeth and the other with four. Of
course these jaws move laterally,

and the pieces, as fast as nibbled

off, are helped into the mouth by
the rest of the mouth organs, viz.,

maxillffi and two pairs of palpi. If

the head is severed from the body,

and placed in a drop of water
between two sUps of glass under the microscope, a little

pressure on the glass soon causes the jaws to open, when
their shape can be seen.

Several very distinct types may be easily recognized

amongst this group of leaping beetles ; they contain also

some of the most brilliant of our British insects, and
several species, if they were only constructed on a larger

Fig. 4.—.Jaws of

Turnip Flea.

scale, would easily carry off the palm for splendour.

There is a set of brilliant purplish-blue species, constituting

the genus llaUica, which are amongst the largest of the

group. They are all very much alike, and the discrimina-

tion of the species is one of the most trying tests of the
patience and acumen of the coleopterist. One of the best

known occurs amongst heather, where the beetles are often

to be met with in hundreds. Of course, a mere cursory

glance will not detect them, but anyone who will take the
trouble to sit down amongst the heather and patiently and
minutely scrutinize the plants will soon learn to see the

brilliant little gems, sitting about here and there, with
their hind legs bent beneath them, ready for a spring the

moment they are disturbed. Two or three others have
shining blue wing-covers and a bright red thorax, a style

of ornamentation that is by no means peculiar to this

group. On various kinds of willows are to be found, often

in swarms, the brilliant species of the genus Cnpidoilera,

which exhibit a marvellous play of metallic colours of the

most glowing tiuts—coppery, golden green, and the

brightest emerald. They are noted also for the regular

rows of minute pits, which modify the play of light, and
give an added charm of aspect to the wing-covers. Certain

species inhabit thistles, and these are generally of a reddish

colour ; some of them are extremely globose in form, and
with this peculiarity of shape is usually associated an
excessive degree of agility. Others prey upon various low
plants, such as certain labiates, the rock-rose, woodspurge,
mallows, docks, etc. One pretty little polished blue-black

species skips about amongst the leaves of the dog-mercury,
which it riddles with holes.

But one of the most remarkable features of the group is

the curious structural freaks that are manifested in the
hind legs, in addition to the swelling of the thighs. One
genus {Pli'ctnisci'lis) is distinguished by having a tooth-hke
projection on the outer side of the tibia, or shank, about
halfway down (Fig. 5, a). A very abundant species

(P. concinna), which is entirely of a bronze colour above,

has, by its attacks on hops and turnips, achieved sufficient

notoriety to be dignified with more or less appropriate

Fia. 5.—Hind leg uf (a) Plectroscelis, (b) T/ii/amis, (c) PstiUiodes.

popular names, such as " hop flea," " brassy turnip flea,"

"tooth-legged turnip beetle." A peculiarity of a different

sort is to be seen in the genus Thyamix or Limgitaraus. This
genus comprises an extensive set of small beetles, which
are mostly of a pale yellowish, or yellowish-brown colour,

and therefore of no great beauty—what one may call a
homely and serviceable, rather than an ornamental type of
insect. The tarsus, as usual, consists of apparently four,

but in reality five joints ; but the basal one is extra-

ordinarily long, half as long, indeed, as the entire tibia or
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preceding division of the leg (Fig. 5, b). This peculiarity

alone gives the foot a strange appearance, reminding one of

the curiously elongated ankle bones in the hind leg of the

frog ; but this is not all, the second joint is attached to

its predecessor in an entirely exceptional way. As a rule,

the various joints of an insect's foot, numbering from two to

five, move but slightly upon one another at their hinges, a

little motion on the part of each joint thus causing the

whole foot to assume a regular curve. But in these Ultle

beetles the second division of the foot is attached to the

first by a socket joint, which gives far greater freedom of

motion, and one may often see the outer half of the foot

bent at right angles to the rest and seeming as if it were
dislocated.

But the most astonishing peculiarity of all is that which
characterizes the hind legs of the genus Psi/Uiodis (Fig. 5, c),

a set of robust, long oval insects, one of which is de-

structive to hops. The tarsus of the hind leg has the same
elongated basal joint as Thyamis, and the same tendency

to bend the outer part at right angles to the rest ; but it

adds to these the further pecuharity that the foot is not

attached to the apex of the tibia (as is almost universally

the case, not only amongst beetles, but also amongst
insects of other kinds), but is inserted on the outer side

some little distance before the apex, so that the end of the

tibia projects considerably beyond it, thus giving the leg

an awkward and, indeed, malformed appearance. The
muscles which move the foot have a great

tendency to contract suddenly, and cause the

foot to spring back against the leg in a way
which reminds one of the elevation of a

drawbridge, and is very provocative of irrita-

tion and impatience on the part of the col-

lector who wishes to set his specimens neatly.

No doubt these various oddities of structure

in the tibiae and tarsi are connected with the

bending of the legs under the body for the

purpose of leaping ; but as they are not
universal in the group, they can scarcely

be essential to the habit. For example, the
notch on the hind leg of Phctroscdis is also found on
its intermediate legs, which are not bent under the body,
nor used in leaping. It is also found on the hind legs of

other plant-eating beetles, which have no power of leaping
at all. Altogether, therefore, it is not easy to see what
is the exact explanation of the presence and variety of

these irregularities in the hind legs of leaping beetles.

cases it is impossible to attribute to an effect of chance ; t

the '• Triple Nebula," described by Dr. Max AVolf [Astro-

nomische Xarhruhten, Xo. 3214) ; the dark lanes to which
Mr. Ranyard drew the attention of astronomers, and of
which Mr. E. W. Maunder has given an explanation
(Knowledge, February, 1895), which cer(ainly appears to

be plausible.

Nevertheless, the examination of these admirable photo-

graphs gives rise rather to hypotheses and reflections,

than to conclusions of which the evidence is clear and
striking. As long as we are unable to turn this evidence
into actual numbers, there will always be some astro-

nomers who will refuse to accept it—Proctor had some
experience of this I—and in reality it is fortunate that it is

so, as perhaps in no branch of astronomy is there so much
danger of arriving at premature conclusions, as in investi-

gations concerning the " Structure of the Heavens.'' Thus,
on the one hand,the researches of Struve,Gould,Eistempart,
Kapteyn, and others, ; tend to the admission that relatively

bright stars may be distributed fairly evenly around a
small mass, of which our sun would form part ; and, that by
general consent the Milky Way, properly speaking, may
be represented very nearly in the annular form. But
on the other hand, the examination of photographs, as

well as the careful study of the aspect of the Milky Way
with the naked eye, will show that this hypothetical
" ring " must possess an extremely complicated structure,

4o^
Fia, 1.- Iso

ON THE DISTANCE OF THE STARS IN THE
MILKY WAY.
By C. Eastox.

THE perfecting of celestial photography, due to the
patient and ingenious efforts of Messrs. Henry,
rioberts,Wolf,Barnard,Russell and others, isrightly
considered the chief glory of modern astronomy.
Thanks to the late Mr. A. Cowper Ranyard, the

readers of Knowledge have always had the first-fruits of
the results obtained by these savants, and numerous photo-
graphs, in particular of the Milky Way, have been repro-
duced for their benefit in this magazine.

These photographs of the Milky Way often show
extremely interesting details. I need only mention here
ihe mhubmties, which in many cases are certainly real ;' the
curious arrangement of the stars in dlipscs, which in many

•See especially the photograph obtained by Dr. Isaac Eoberts,
of H.V. 15—•' A Selection of Photographs, kc," plate -io.

x/x "'

photic lines, indicating the intensity of the ililkv Way (Pannokoek).

and that it is composed of a large number of groups or

stellar strata, where a certain process of agglomeration

already appears to manifest itself, but which strata seem
to superpose themselves in the direction of the visual ray.

There is nothing to indicate whether in general these

groups are relatively near to each other, or whether they

may be, on the other hand, marshalled at enormous
distances one after the other in the direction of the line of

sight, distances which, even when compared with the

distance separating us from the nearest of these groups,

may be tremendous. I hope that the researches of which
the results are here given may throw a little light on this

latter question.

The study of the distribution of the stars in space would
have made a great stride if the apparent distribution of the

stars of each separate order of brOliancy on the celestial

sphere were known. Prof. Holden, after comparing the

results of the star gauges one with another, says (PiM.
^tVashiurn <>lis. II. I: "If these difl'erences m-n, n-o,

etc.—between the numbers of stars belonging to each

nominal magnitude m, n, etc., as shown by the gauges—
be platted separately, the eye can determine whether each

group is affected by a clustering power peculiar to itself, or

whether the same cause is apparent in the configuration of

t Compare Iloldcn, Monthly Notices, Vo'. L. ; Wesley

—

Know-
ledge, August, lS9i; see in particular the photograph of the C'yngi

region

—

Knowledge, December, 1891.

X See article on the work of Prof. Kapteyn (Knowledge, June,

1893), and Mr. Gore's article in the January number, 1893.
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w
Fig. 2.-

tbe various groups. The question of bow many nominal

magnitudes correspond to stars which really belong to the

same system and are at the same distance, appears to be

capable of solution by this process, and other cognate

questions will have some light thrown upon them."

To arrive at this result the simplest way would be to

classify, on photographs which show the fourteenth to

iifteentb magnitudes, all the stars accordmg

to their magnitudes, and to count the num-
ber belonging to each magnitude. But this

would entail gigantic labour, and would be so

difficult in practice, that there is no hope
of seeing it carried out for the present. In

the meantime I have attempted to compare,

at any rate as regards some regions of the

Milky Way, the connection between the result

of star gauges and star countings, and the

intensity of the general Galactic light.

As regards the regions that I am about to

refer to, it can be safely assumed that in

general the greater or less intensity of the

Galactic light in a given district corresponds to the

greater or less density of the fainter stars, those inferior

to the ninth magnitude. (See for further particulars

Astronomiuhe Xiichrichten, No. 3270.) Now, if we consider

firstlv the zone included between K.A. 18b. 20m. and
19h. 40m. ; N. Decl. 0° to 6° (AquOa), it follows from the

evidence of a comparison of the descriptions and drawings

of the Milky Way by Heis, Troiivelot, Houzeau, Klein,

Boeddicker, Gould, Easton and Pannekoek, that if this

region be divided into four eqixal parts, the part (A and
B) included between E.A. 18h. 20m. and 19b. Om.

;

N. Decl. 0° to G°, is poorer in Galactic brightness than

the opposite half (C and D) between R.A. 19h. Om. and
19h. 40m. ; N. Decl. 0^ to 6°; whilst the contrast is greatest

between A, where the Milky glimmer is the weakest, and
D, where the Milky Way presents considerable intensity.

The number of stars of the first to 9-5 magnitudes can

be ascertained from the " Bonn Durchmusterung " of

Argelander for each of these four divisions and for each

semi-order of brilliancy ; the star counts by Celoria

[Piibhl. del Osserv. di Brera, XIII.) give the same data for

the totality of stars from the first to about the eleventh

magnitude. The following table is thereby obtained :

—

Table I.

Way is seen to show itself about the ninth magnitude.

As regards the Celoria stars, the surplus of the stars in

the region where there is the greatest Galactic light

amounts to more than the half of all the stars found

on an equal superficies in the opposite region. The

correspondence shows itself a little earher, and is

much more marked when comparing the regions A

I.
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to "very feeble," II. to "feeble," V. to "luminous,

to " very luminous," etc.

On comparing the stellar densities for the

stars 9-1 to 9-5, with my map of the Milky

Way in this part of the heavens, it is found

that the feeblest densities correspond to the

places where the Milky Way presents the least

brilliancy, and that the density is the great-

est there where the intensity of the Galactic

glimmer is the strongest. As in default of a

good photometric method, the values I., IV.,

etc., for the intensity of the Galactic bright-

ness cannot always represent one and the same
intensity, a comparison of the contrasts oflfered

by neighbouring regions should above all be

made. Table 11., representing the differences in

densities, has been added for this reason.

Table II.

VI. 1 William Herschel (Pub. Washbuni II.), and the unpub-

j lished gauges that Dr. Th. Epstein of Frankfort-on-Main

Fia 4.-

the

I.
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plication of the Galactic image in nearly all its parts,
renders it difficult for us to believe that in all these cases
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Jlirastatement, and he replied, February 20th, saying,

has just had two maxima."
My record continued reads :

—

March 2nd .. 0'2 S, y 7-0

March 5th ... 0-4 i5, y 80
March 8th ... 0-4 8, y 7-0

March 12th ... Moonhght and cirrus.

March 16th ... 0-3 I.

From these figures it appears that there were other

changes in light, and on March 20th the same astronomer

wrote me, " Mira fluctuated greatly. My last observation,

March 14tb, 4-32. It then became impossible to observe

it in consequence of the companion stars being too near the

horizon for accuracy at such a distance, &c." Please notice

the photometric estimate, 4-32, and my visual estimates,

March 8th and IGth ;— o is 4-2 magnitude. There was no

apparent change in Mira from March l(ith to 20th, when it

had fallen too low in the city smoke and vapour for safe

comparison with stars so far above it.

Herr Plassmann's maximum reminds me of a note in

Nature, March 8th, 1894, p. 442, which says that, "although

the maximum of Jlira was predicted for February 17th,

yet on March 4th it was only a trifle brighter than J, a

star of 4-2 magnitude." The maxima of li-i94 and 1805

are in accord and doubtless follow Argelauder, but Herr
Plassmann's maximum indicates a correction of thirty days,

not generally known, or at least accepted. There is a

comcidence, however, between his date and this year's

observations here.

Col. Markwick has treated the matter broadly and
comprehensively, and I am highly gratified to be in agree-

ment with so distinguished an authority. I beg to call

his attention, however, to a statement in Webb's "Celestial

Objects," volume XL, that Mira is not always ruddy. If

there was a tinge of red in it this year it escaped my
notice.

I\Ir. Peek holds, I submit, an extreme view on visual ob-

servations, and the record above afl'ords some little evidence

that a fair degree of accuracy may be reached. Of course

it requires pains, a good eye, and steady atmosphere.

Some excellent work of this kind has been done in this

country. There is a triplet of variable star observers

in Massachusetts, ^lessrs. Chandler, Yendell, and Sawyer.

The last-named works with a field glass, while the others

have all the modern appliances, and they wait a long time

for his concurrence before making an announcement, thus

showing a high appreciation of visual observations.

Their work is well known.
In conclusion I would say that my observations have

been recorded nightly, according to my best judgment,
and without any reference to any previous entries.

I enclose the notes of the astronomer alluded to for

your inspection.

Yours truly,

Memphis, Tenn., David Fl.^nery

12th -June, 1895.

COLOURS OF BUTTERFLIES.

To the Editor of Knowledge,

Sm,—In your July number, Mr. MUler, in criticizing

Dr. Marshall's paper upon this subject (ante, p. 128), draws
from it a number of conclusions that he says are " plainly

deducible," but at which I am at a loss to see how he

can arrive.

Mr. Miller asks why some insects are protected and
others are not, and why the latter have survived if

protective colouring is a necessary clause.

In answer I would point out that the fact that many
forms do exist without the aid of special protection, is

conclusive proof that in such cases special protection is

unnecessary. This is obviously a truism.

Special adaptability to an environment is the direct

result of high competition, and the higher this competition,

the fiercer this struggle between the offensive and defensive

forces at work, the sooner, on either side, will approximate

perfection be attained.

This perfection is reached, not merely by the production

of strong forms, but by the weeding out of the weak ones,

and as such a process necessarily entails an extra expendi-

ture of energy in the reproductive system, the tendency

would be for every organism to remain in as imperfect a

condition as its environment would permit.

Hence, to me, it would appear to be the rule that

a special amount of protective form or colouring is

exhibited only where an exceptional opposition from

numerous or powerful enemies has to be met ; and,

inversely, that where an organism shows no close sym-

pathy with its surroundings, the struggle for existence is

not severe.

Mr. Miller asks why do not all butterflies follow the

clever example of their mimicking fellows '? He is looking

at the subject quite from the wrong side. The active

agent, natural selection, which adapts an organism to its

position, is not an internal, but an external force. It is

the environment alone which sorts out the bad forms from

the good, the " goats from the sheep," and by destroying the

former, allows only the latter to inter-breed. Unless the

enemies of an insect are numerous enough, or powerful

enough, to weed out its weaker forms, that insect can

never, except by mere chance, advance one step towards

perfection.

Mr. Miller points out that insects using warning colours

" are so considerate as to protect even their enemies from

injury." This may be so, but it is only from egoistical

motives, and therefore has no serious bearing upon the

matter. In the myriad dovetailiugs between the economy

of one animal or plant and another, it would indeed be

strange if some coincidences of mutual aid did not arise.

But can Mr. Miller quote a single instance where any

animal or plant behaves in such a way as to benefit

another individual or species, to the final injury of itself,

or of its type ? That would be a real obstacle to get over.

Finally, Mr. Miller raises objection to the word
" mimicry," because he says that such a term implies the

presence of a degree of inteUigence in the insect world,

such as he, very properly, cannot allow of. As I have,

however, already pointed out, " mimicry " results from the

action of natural selection, and as natural selection is

altogether an environmental force, no demand whatever is

laid°upou the intelligence of the insect. In favour of this

view let me quote a single case.

When that pretty little moth, Lahophora virctata, first

emerges from its pupal skin, it is of a beautifully bright

"reen colour, exactly matching in tint the holly trunks

upon which it rests. After it has been "out" a few

days, this green changes to yellow, and those moths which

still maintain their position upon the bark are made con-

spicuous objects for any passing enemy. Before that time,

however, all the fertilized females have mounted to the

higher branches, to lay their eggs among the flowers.

Thus only the males and the unfertilized females are left

upon the tree trunks, and as both these two are of the

least importance in the economy of the type, natural

selection has left them alone to the mercy of then- foes.

That such yellow forms rest upon the green bark

shows that the insects themselves appreciate neither
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their adaptability nor their inadaptability to their

environment.

For all that, the word "mimicry" does, as Mr. Miller

observes, imply conscious selection on the part of the

insect, though I feel connnced all modern writers have
employed the term merely in a metaphorical sense, and
because they could find no better. Can Mr. Miller propose

a better one ? 1 do not think we have quite the right one

anywhere in our language ; but so that future misunder-

standings might be avoided, would it not be well to coin

one '?—one made expressly for the purpose, and having no
other outside meaning, so that misinterpretation would be

impossible. Might I suggest such a wordas"ensemblance,"
and instead of speaking of one insect mimicking another,

say that it " ensembles " it ?

Yours faithfully,

Alfred .J. Johnson.

Baldmere, -July 18th, 1895.

To the Editor of Knowledge.

Sir,—In reply to your correspondent, Mr. Miller, I beg
to state that my article on the above subject was intended

to be simply a brief and popular account of the work done
by Darwin and Wallace, and further elaborated by Poulton

and others. That many difficulties arise in discussing

these problems is well known, and many of the difficult

points of natural selection are still unexplained. In fact,

many biologists at the present time simply adhere to the

theory of natural selection as a working hypothesis because

it is the one which is most compatible with known facts,

not because it will explain everything.

Mr. IMiller objects to the term " mimicry " in that it

implies conscious effort on the part of the mimicking
insect. But the essence of the theory of natural selection,

as opposed to the older theory of Lamarck, is that there is

no conscious effort on the part of the individual, but that

an accidental resemblance, at first slight, becomes in-

creased in successive generations by hereditary transmission

of peculiarities to the offspring, and by the survival of the

fittest, those more nearly resembling the mimicked and
protected species surviving.

Again, Mr. Miller says it will be seen from my paper

that " the inferences drawn from the facts related are that

those butterflies which are thus protected survive, while

those that are unprotected perish, or at least are liable to

destruction."

Because it is a fact that certain insects so nearly

resemble their surroundings or other insects that it is

almost impossible to distinguish them, and that they are

thus passed over or avoided by their enemies, it does not

foUow that protection of this kind is ntxef^sanj—as Mr.

MiUer says I " seem to say "—for the preservation of the

life of every insect. Protective resemblance, warning
colours, and mimicry are not the only means by which an

insect escapes destruction. There are others, amongst
which the power of rapid flight, and habits of concealment,

especially in the daytime, might be mentioned. Moreover,

there are many insects which do not require protection.

Giving to the fact t!;at they have few enemies in the localities

where they exist.

Finally Mr. Miller says :
" What has all this to do with

the origin of species '? " I fear it would take several whole
numbers of Knuwledge to answer this question. I can

only refer Mr. Miller to a certain book on the subject by

one Charles Darwin.
Yours truly,

C. F. Marshall.

Sc(cn« Notf.—

—

The Society for the Protection of Birds has sent us two

new pamphlets, one on the owl, by Mr. W. H. Hudson, and

another on the bird of paradise, by Mrs. F. E. I^emon, the

honorary secretary of the society. The fact that owls of all

kinds are extremely useful as destroyers of rats and mice

is becoming gradually recognized by farmers and game
preservers, and it is encouraging to learn that several

county councils have already included m their lists of the

eggs of birds to be specially protected under the new Act

those of the owls. There is, however, as Mr. Hudson

points out, a barbarous machine called the pole trap,

which, although intended to catch hawks, is, nevertheless,

equally destructive to owls, and until the setting of this

trap is forbidden by law, owls will never become plentiful

in this country. The leaflet on the bird of paradise is an

appeal to women throughout the world to discountenance

the sacrifice of this marvellous and beautiful bird, which

is daily becoming rarer , by refusing to wear or purchase

their feathers.

KottcfS of Boolts.

Till- Srii'ncc and Art of Breadmakimj. By William Jago,

F.I.C. (Simpkin, Marshall & Co.) Mr. Jago has for many
years devoted special attention to the chemistry and analytic

and practical testing of wheat, flour, and other materials

employed in breadmaking, and is therefore well qualified

to undertake the writing of a book on the science and art

of breadmaking. The present volume is, however, only an
extension of the author's former book on the same subject

;

but as many additions have been made, the present volume
forms a valuable compendium of our knowledge of this

important industry. The book is, moreover, complete,

inasmuch as the author has taken pains to include in the
introductory chapters so much elementary chemistry and
physical methods of analysis as will enable the reader to

follow the more specialized sections which follow. The
chapter on the enzymes is exceedingly well written, and is

well up to date ; but we must object to the author's word
" diastasis," which he has coined for diastasic action.

Surely, if a new word is needed, diastalysis would be more
accurate. We note further, under the heading of substances
inimical to diastasis, no mention among the usual preserva-

tives, such as boric and salicyUc acids, of "formalin,"
which has recently been introduced as a food preserva-

tive. The more technical portions of the book may be
somewhat out of the scope of many of our readers, but
should prove of value to the practical baker and
confectioner, as the author has devoted considerable

space to the discussion of modern breadmaking plant,

and to the best methods of bakehouse design. After

the recent strictures passed by Dr. Waldo and others

upon the unsanitary condition of London bakehouses, it

seems essential that some such book as this should be in

the hands of those concerned in the erection or manage-
ment of bakehouses, and as we understand considerable

improvement has been brought about in Bristol as the
result of the agitation, we hope that all interested in this

subject will get Mr. Jago's book, so as to be posted up in

the details of design which are so essential in securing
convenient and sanitary bakehouses. The last four

chapters are devoted to the methods of analysis of bread,
flours, malt extracts, and other materials used in bread-

making. The whole book is exceedingly practical in its

scope and treatment, and great pains have been taken to

bring the subject well up to date.
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Practical Microscopy. By George E. Davis, F.R.M.S.,

F.I.C. Pp. im. (W. H. Allen & Co.) This is the third

edition of what is essentially a practical work, very little

space being given to the theory of microscopy, it is a

work which will enable the microscopist to thoroughly

understand the capabilities of the instrument he uses, and

initiate him into the operations carried out by means of

accessories to it. All branches of microscopical work are

dealt with, and if the student follows out the instructions,

he will acquire expertness in manipulation and the ability

to observe.

A First Book of Electricity and Mai/nctism. By W.
Perren Maycock, M.I.E.E. Pp. 233. Second Edition.

(Whittaker'& Co.) Young and ill-educated beginners of

the study of electricity and magnetism will find this volume

a suitable and really elementary text-book. The simplest

language is employed throughout ; nevertheless, the student

who has gone carefully through the book will have acquired

a sound fciowledge of the subjects dealt with.

BOOKS RECEIVED.

yatiire versus yafin-al Selec/ior, : an Essay on Organic Evolution.

By Charles Clement Coe. (Swan Sounenscliein.) lOs. 6d.

The Cetl—outlines of General Anatomy and Physiology. By
D.-. Osoar Hertwig. Translated by il. Campbell, and edited by Henry
Jobnstone Campbell. (Swan Sonnenschein.) Illustrated. i2s.

Architecture for General Readers. By H. Heathcote Statham.
(Chapman & Hall.) Illustrated.

The Structure and Life of Birds. By F. W. Headley. (Mac-
millan.) Illustrated. 7s. 6d.

A Chapter on Birds. Rare British Visitors. By R. Bowdler
Sharpe. (S. P. C. K.) Illustrated. Ss. 6d.

The Natural History of Aquatic Insects. By Prof. L. C. Miall.

(Macmillan.) Illustrated. 68.

An Introduction to Chemical Crystallography. By Andreas Fuck.

Translated and edited by \V. J. Pope. (Oxford : The Clarendon
Press.) 5s.

The Climates of the Geological Past, and their relation to the

Evolution of the Sun. By Eug. Dubois. (Swan Sonnenschein.) 3s. 6d.

Allen's Naturalist's Lihrarif ; a Wand-book to the Game Birds.

Vol. I. By W. R. OgiMe-Grant. (W. H. Allen.) Illustrated. 6s.

A Thousand Anstcers to a Thousand Questions. (Geo. Newnes.)
2s. 6d.

.istrononiers and their Observatories. By Lucy Taylor ; with a

preface by W. Thynne LjTin. (Partridge.) Is. 6d.

An Analysis of Astronomical Motion. By Henry Pratt, II. D.

(Xorman & Son.)

Chemists and their Wonders. By F. M. Holmes. (Partridge.)

Illustrated. Is. 6d.

T/ie Stoi-y of the Plants. By Grant Allen. (Geo. Newnes.)
Illustrated. Is.

Garden Flowers and Plants ; a Primer for Amateurs. By J.

Wright. (Macmillan.) Illustrated. Is.

Microbes and Disease Demons. By Ed. Berdoe. (Swan Sonnen-
schein.) Is.

A Sutnmer Holiday in Holland. By Chantrey Churchill. (H.

Grube. ) 6d.

The Study of Atmospheric Currents by the aidof Large Telescopes.

By A. E. Douglass. Reprinted from the Meteorological Journal,
March, 1895.

A DAY ON A SCOTCH MOOR.
By Harry F. Witherby.

TO
most people and to sportsmen specially a moor is

better known, either by description or personal
experience, in the autumn when the heather is

blooming and the grouse arc flying than in the
spring. From a naturalist's point of view, however,

a Scotch moor is much more interesting about the middle
of May than on the 12th of August.

It is my intention in this paper to describe what was
seen by myself and three companions on a certain 20th of

May spent on a Scotch moor.
Making an early start in brilliant simshine, we walked

steadily along a dusty, uphill road for about seven miles,

until the moor was reached. The only object of interest

passed on the road was a gigantic pigeon house, and as

these houses are now becoming rather scarce, it may be

worth while to make a digression here, and say something

concerning the one we saw. It was about fifteen feet square

and twenty-five feet high, looking like a house without

windows. The roof was built in the form of a flight of

steps, in the " risers " of which holes were cut for the pigeons

to go in and out. Inside the house, shelves were arranged

on which the pigeons nest. The house, which belonged to

" the Laird," could accommodate several himdred pairs of

pigeons ; but I was told that it was by no means the

largest in the district. The pigeons kept in these large

houses are not as a rule fed, but obtain their living from

the neighbouring farms. Many pages might be written

upon the construction of these houses, where they are to

be found, and the old laws relating to them, but space

forbids.

At length the edge of the moor appeared in sight ; but

before it could be reached it was necessary to cross a deep

and exceedingly narrow glen, down the centre of which

there flowed a little stream, or burn, as the Scotsman
calls it. Although the sides of the glen were very

steep, they were thickly covered with trees and under-

growth. Once across the glen, we were on the moor,

but the stream proved a serious obstacle to at least one

of our party. Its sides were steep and overgrown with

nettles, and to both stream and nettles our friend fell a

victim.

On the other side of the burn we all lay down in the

heather, and after enjoying a quarter of an hour's

Nest and Eggs of the Ked Grouse.

rest, we walked on and soon arrived at a shepherd's

cottage, the owner of which was known to some of our

party.

As I was anxious to obtain a photograph of a grouse ^

on the nest, the shepherd led us to one, but although the

bird allowed me to approach within five feet of her as she

sat on the nest among the heather, the result was in no

way satisfactory.

' Bed Grouse (Lagopws scoficus).
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A pair of golden plovers,- screaming as they flew round
U3, next attracted our attention. In common with several

birds, such as the curlew, which are generally to be found
on the coast in winter, the golden plover comes inland
in the spring and breeds on the moors and marshes.
They make no regular nest, but lay their four large pear-

shaped eggs in a little scrape in the ground, which makes
them difficult to find. The young are still more difficult

to discover. They are able to run as soon as they are

hatched, and directly the parent birds give the alarm
note, they instinctively hide in the grass and keep per-

fectly stiU. Moreover, the parent birds are very clever at

drawing the uninitiated away from their eggs or young.
Thus the young bird has every chance of surviving, and
coupled with the fact that it is a hardy bird, one would
think that the golden plover would increase rapidly

;

but in the autumn, when they are excellent eating,

thousands are shot, as they move about the country in

great flocks.

In the very heart of the moor we came upon a small

fir wood, from out of which several black grouse ^ flew as

we approached. The black-cock, as the male bird is called,

is polygamous, and is accompanied in the breeding season
by several grey-hens. They are late breeders, and had
only just commenced to lay. We found two eggs, both
laid upon the bare ground in different parts of the wood,
and without any pretence to a nest or even a scrape. We
flushed the bird from one which was evidently only just

laid. The egg was placed amongst the roots of a tree in

such a position that a nest could not have been formed
on that particular spot ; the other egg we found under
a thick bush, also an unlikely place for a nest. It would
seem from this that the black grouse, like ducks and
other birds, lays several eggs before making a nest. Then
it either makes a nest in a convenient spot, and in some
manner transports the eggs already laid to it, or else it

gradually forms a nest round the eggs. I can gain no
further information on this subject, and shall be glad if

any of the readers of Knowledge interested in this point

will give me their own experiences.

We had left the wood and were spread out across the

moor searching for nests, when suddenly a blinding snow-
storm came on. The morning had been balmy and warm,
but we were now in the midst of a regular winter storm.

We closed up together, and two of us with the shepherd and
his collies took shelter behind a wide board, which we
chanced upon. While we were crouching an old grouse

began to fly round in a restless manner, while every

now and then she alighted a little way off and made an
anxious noise. Presently we heard a " cheep " and then
another, ten yards or so away, and we guessed that they

were young grouse. One of us began clucking like a hen in

the hope of attracting the young chicks, when very much
to our surprise the " cheeping " sound grew nearer, and soon
eight tiny grouse came running through the snow to the

call. There was a little rivulet between them and us, and
as we were wondering what the chicks would do every one
ran blindly into it. We got them all out and brooded them
in our hands until the storm had blown over, and then we
went away and left them to their anxious mother.

By this time the whole moor was completely white

—

a curious phenomenon in summer ! It revealed a very

striking fact in regard to the protective colour of birds.

Now the grouse could be seen on all sides, even to the dis-

tance of half a mile, brooding their young, so dark did they

appear against the snow, whilst previously, one almost

- Golden Plover (Charadriiis pluvialis),
' Black Grouse (Telrao tetrix).

stepped on them before seeing them. Another curious fact

consequent upon the snow falling in summer was made
apparent. All the birds having naturally covered their

eggs or young, immediately the snow began to fall, green

patches were left where the eggs or young had been, the

contrast being very strong between the whiteness of the

snow and the vivid green of the grass or dark brown of the

heather. A curlew's ^ nest, for instance, which we found,

while the snow still covered the ground, was very con-

spicuous, and could be seen for some distance.

It was getting rather late and another very heavy snow-
storm came on, so we returned to the shepherd's cottage.

While we were waiting for the weather to clear, a pair of

ring-ouzels, 5 which were hopping about quite close to the

house, attracted our attention. Eing-ouzels, or " hill-

blackies," as they are called in Scotland, are not unlike

blackbirds, the cock being black and the hen brown, but

the distinctive feature in their plumage is a white collar

round the throat. They were diligently collecting insects,

and evidently had young not far off. We saw them
fly away and come back again several times, and then

we followed them. For a whole hour we watched the

crafty birds with our field glasses before we could track

them to the nest. We were on one side of a wide ravine

and they were on the other amongst some juniper bushes,

one of which we were sure contained the nest. But they
flew backwards and forwards from bush to bush, then one
of them would take a worm in its bill and fly into a bush
with it, and we would make sure the nest was there, but

no, it was only a ruse, the bird would come out in a

minute or so and go to another bush. All this time they
kept up an incessant noise something like a blackbird's

alarm note, but rather harsher and slower, more like a

fieldfare's click, clack ; the cock bird was especially noisy.

At last we tracked them down, and leaving one of our

party to keep his glass fixed on the spot, the rest rushed
aci-oss the ravine up to the juniper bush we had marked,
and found the nest in a branch touching the ground. It

was very compact and much like that of a blackbird.

The nest contained three young birds nearly fledged, and
although late in the afternoon and rather dark, I stUl

managed to get a photograph good enough for my purpose,

which was to keep a record of the position and appearance
of the nest in its natural situation.

Common Curlew {Numenius arquata),

King-ouzel {Turdvs torquafus).
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Our walk home was none too pleasant, for it rained

heanly the whole way, and we arrived at our quarters

about 10 p.m., soaked to the skin, footsore, and ravenously

hungry, but with a lively sense of the manifold interests

of a Scotch moor.

THE EXPLORATION OF THE SURFACE OF

THE GLOBE.

By Prof. J. LoGAx Lobley, F.G.S.

THE meeting of the sixth International Geographical

Congress in London compels attention to the

great subject of the exploration of the surface of

the globe, and to the progress that has been made
towards its completion. An estimate, therefore,

of the area yet unexplored may prove of interest to the

readers of Kno^'ledge.

During the sixty years comprising the last decade of

the fifteenth and the first half of the sixteenth centm7,

the greater portion of the earth's surface was made known
to mankind. It was during these years that Sebastian

d'Elcano first circumnavigated the globe ; that Vasco de

Gama first doubled the Cape of Good Hope, and that the

two Americas were added to the map of the world by the

voyages of Columbus, the two Cabots, and Magellan.

Australia, too, then first appeared in European maps, for

in a French chart of 1542 we find the island-continent

included under the name of " Jave la Grand."

Since the middle of the sixteenth century every sea,

except those within the Arctic and Antarctic Circles, has

been traversed in all directions, and very many islands,

large and small, have been discovered. We are justified,

therefore, in assuming that all the land areas of the globe

are known in position and extent, with the exception of

what may be hidden behind the northern and southern

ice. But although the position and extent of practically

all the land areas of the globe are known, regions of vast

extent remain unexplored, and an immense aggregate

area, though generally known and mapped, has not yet

been explored in detail, much less accurately surveyed.

Moreover, there are extensive regions which, although

they have been mapped in considerable detail, require

much more careful exploration than they have yet received

before entirely rehable maps of their surface features can

be produced.

Of the altogether unexplored regions of continental land

undoubtedly the largest aggregate area is still in the

African continent, notwithstanding the gigantic strides

exploration there has made during the present century,

and especially during its latter half. African explorers,

from Bruce and Muugo Park down to Livingstone and
Stanley, and tbose still in the field, have gradually changed
the map of Africa from what was little more than the

outline of a great continent to an area largely chequered
with detail. The latest exploration of the heart of Africa

was made so recently as last year by Count Gotzen, who
crossed the continent from Pangani, on the eastern coast,

to Kirmeder, south of Stanley Falls on the Congo, by
which river he reached the western coast. This journey
has given to geography the lake Umburre, five crater

lakes, and the volcano Kirmega Lchagongo, besides much
valuable information respecting the country traversed and
its inhabitants.

The unexplored parts of Africa form an aggregate area,

however, very far exceeding that explored, while the well-

surveyed area of the continent is but a small proportion of

the whole. The regions unexplored comprise :

—

1. The immense area of North Africa usually called the

Sahara, or Great, or Libyan, Desert, lying between lat.

80° N. and lat. 15° N., and long. 30° E. and long 15° W.,
and having an area of upwards of three millions of square

miles.

2. An area of at least a quarter of a million of square

miles north of the Gold Coast.

3. The eastern spur of the continent comprising SomaU
Land and GaUia Land, and containing fuUy three-quarters

of a million of square miles.

4. The great central interior region extending from
10° N. lat. to 25° S. lat., and spreading eastwards from

near the Atlantic coast to 25° E. long, and to 30^ E. long,

in its northern part. Though this great region has been

repeatedly crossed, and the Congo and adjacent districts

to some extent explored, yet there must be still two
and a half millions of square mUes of quite unexplored

lands.

Thus we find that out of eleven million square miles, the

whole area of the continent, at least six million five hundred

thousand square miles remain unexplored.

Of the greater part of the remainder of Africa it can

only be said that its chief physical features are known as

the result of very incomplete exploration. Even the known
and settled regions of South Africa have not to a great

extent been surveyed by a geodetic triangulation, the

necessity for which has been well pointed out by General

E. F. Chapman, of the War OfBce, in a recent letter to

the President of the Royal Geographical Society. He
writes, in urging the subject as one requiring the attention

of the International Congress :
—"It appears to me that,

great as has been the development of political and com-

mercial interests in Africa during the past decade, our

knowledge of the topography of the interior of the country

has not made an advance by any means as important, and

that there are large portions of that continent of which no

accurate maps exist, although they have been for years

under a civilized administration and occupied by settlers

of European descent."

Although Australia was known as a large island in 1542,

it was not until 1843 that the exploration of the entire

coast was completed by the " Beagle " expedition, made so

famous by the illustrious Darwin, and only about thirty

years have elapsed since Stuart and the ill-fated Burke and

Wills first traversed the area from south to north, while

it has not yet been crossed from the eastern to the western

shore. It may, therefore, be said that, with the exception

of areas near the coast, the great interior remains unex-

plored, or only known along a few route hues. This area

cannot be less than two and a quarter millions of square

miles.

In a general sense, Asia as a whole has been explored,

and yet there are vast regions in which the exploration

has only proceeded far enough to give a knowledge of the

more conspicuous physical features. This applies to the

great bulk of Central and Northern Asia between lat.

40° N. and lat. 70° N., and long. 125° E. and long. 70°

E., giving an area of at least five millions of square miles.

North of the seventieth parallel there are about a quarter

of a million square miles of unexplored lands.

America, both North and South, except the far north of

North America and the narrow southern part of South

America, may also be said to have been explored ; but, as

in Asia, there are vast regions of which only the larger

features have received any attention. The exploring

journey of Mr. F. Eussell, of Ohio University (1892-4)

from Lake Winnipeg by Lake Athabasca and Great Slave

Lake to the Musk Ox Hills, near Bathurst Inlet, and back

to Fort Providence by the Mackenzie Kiver, has shown not
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only how very imperfect are the maps of the Great North-
West, but how maccurate they are even in the details that

have been given. A very large portion of the interior of

the northern part of South America has, too, been very
cursorily explored.

The imtraversed lands of the far north of North America,
with the adjacent islands and Greenland to the seventy-

fifth parallel, and even of Labrador and the North-East
Territory, ' are still so extensive that they give an
aggregate area of fully a million and a half of square miles
awaiting the explorer.

In South America, Patagonia and Fuegia apart from
their coast lines are practically unknown lands, and so

may be included amongst unexplored areas, to which they
add half a million of square miles.

Besides continental lacuna on our maps there are

the interiors of many large islands, as New Guinea and
Borneo, and the Arctic and Antarctic unexplored regions,

which add largely to the unknown areas of the earth's

surface. It will be safe to estimate such areas as are
insular and outside the Arctic and Antarctic Circles at half

a million of square miles.

Arctic navigators have penetrated to 83° 24' N. lat., and
thus have reached a point about four hundred and fifty

miles only from the Pole, but it cannot be said that the
area enclosed by the seventy-fifth parallel has been explored.

There is, therefore, around the North Pole about three and
a half millions of square miles of unexplored region.

The Antarctic regions have been much less explored
than the Arctic, for only on one side has any deep pene-
tration of the area within the Antarctic Circle been eii'ected.

Here 78° S. lat. was reached. Allowing for this, there
will still be about five millions of square miles of

unexplored region around the Southern Pole.

Thus it appears that, leaving out of account the very
imperfectly known regions of Central Asia and the interior

of the northern parts of both North and South America,
as well as the similar areas of Africa and Australia, there
is an aggregate area of about twenty millions of square
miles of the surface of the globe as yet quite unexplored.
This aggregate is made up as follows :—

•

Africa ... ... 6,500,000 square miles.

Australia 2,250,000
North America 1,500,000 ,,

South America 500,000
Asia 250,000
Islands 500,000
Arctic Kegions 3,500,000
Antarctic Eegions .. 5,000,000

Total 20,000,000

When we add to this great total not merely the enormous
areas of only partially explored regions, but also those
that though explored are not yet accurately surveyed, it

will be seen that the field for further geographical explora-

tion and research is abundantly wide ; for the globe cannot
be said to be geographically conquered until all its physical

features are accurately known and mapped, and all its

habitable lands, at least, have been covered with the

network of a complete geodetic triangulation. This great
work, a work becoming increasingly more important to

mankind, cannot fail to be greatly promoted by such a
gathering of the world's foremost explorers as that now
assembled in London.

* Sec " Explorations througli the Interior of the Labrador
Peninsula, 1893-4," by A. P. Low. The Geographical Juurnai,
June, 1895.

THE NEW SEA-FISH HATCHERY AT DUNBAR.

By L. N. Badenoch.

THERE can be, unhappily, no longer any doubt
that a serious diminution has occurred amongst
the more valuable classes of our food-fishes,

especially on inshore grounds, and Ln comparison
with the increase in the machinery of capture.

The evidence of all those interested, whether trawlers or

linesmen, whether smack owners or fishermen, whether
scientific experts or statisticians, tends to prove the fact

;

and, moreover, the scarcity is becoming much greater

than it was even a few years ago. Such falling off in the

supplies of certain kinds of fish is not peculiar to the

Scottish or British coasts, since, for a considerable length

of time, complaints of the depletion of the inshore fisheries

have been heard in almost all countries where sea-

fisheries are extensively prosecuted ; and active measures,

by restrictive regulations, have in many instances been
taken.

This unfortunate failure must be attributed to over-

fishing by trawlers. In Scotland the regulative measures
respecting beam-trawling are more extensive than in any
other country ,'and have been longer in force

;
yet, although

the area from which this mode of fishing has been
excluded is very large, it cannot be said, with the informa-

tion at present available, that the anticipations formed of

the results have been realized, for investigations indicate

a continued diminution in the average abundance of the

fish within these protected waters. In some parts of the

world, however, as in the United States, Norway, Canada,
and Newfoundland, another means has been adopted to

meet the unsatisfactory conditions—each year to stock

the exhausted grounds with millions of the young of fish,

and, with this object in view, marine hatcheries have been

erected for the artificial propagation of fish on a large

scale. The readers of Knowledge are probably aware
that, in carrying out the same policy, the Fishery Board
for Scotland have recently established a similar institution

at Dunbar. A short account of the institution may
possibly be found of interest.

It has been modelled after the manner of the well-known
one at Flodevig, near Arendal, Norway, and since its

completion, early in the spring of last year, operations in

the hatching of fishes have been in progress in it, under
the supervision of Mr. Harald Dannevig, an expert from
the Norwegian establishment. It stands chiefly within

the park of the old castle of Dunbar. Dunbar was selected

as a suitable site for several reasons, the principal of which
were that the water was found to be well adapted for the

hatching of buoyant fish-eggs, and natural sea-creeks,

necessary for the full sue iess of the undertaking, existed in

the neighbourhood. This locality is likewise within

convenient distance of important fishing-grounds, and
of the sea-areas where most of the scientific fishery

experiments have been made, and where, therefore, the

influence of fish-hatching may best be ascertained.

I wiU aim merely at giving a general idea of the most
interesting portions of the hatchery. First of all there

comes the spawning-pond, where the spawning fishes are'

lodged when the work is going on. No observer can fail to

be struck with the strength of this structure, which is

formed of concrete, at a higher level than the other

buildings, and sunk in the ground. Pumps, which draw
from the harbour and the tidal-pond, supply it with sea

water ; its capacity is more than 10,000 cubic feet,

or about 62,000 gallons. It is enclosed by substantial
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wooden walls, and covered in with a roofing of galvanized

iron. On the bottom, lying loose on the concrete, there

is a system—or rather two systems—of branched perforated

piping, of diminishing diameter, each system occupying

one half of the floor respectively, and connected with an

outflow pipe ; a contrivance to allow of the rapid drawing

off of the bottom layer of water, which soonest becomes

tainted, without unduly depressing the level of the water

in the pond. Somewhat above these pipes a wooden
platform is placed, spaces being left between the boards in

order to permit waste matters to slip through, when they

may be quickly removed in the manner indicated ; on the

flooring the flat fishes rest. As has been said, it is into

this pond that the adult fishes are put at the spawning

season, and they spawn naturally, as they would in the

sea, merely needing to be fed, and furnished with water

enough to preserve them in good health ; and the eggs,
' rising towards the surface, are carried by the overflow into

a compartment known as the " spawn collector," a filter

or sieve that retains the eggs, while the water passes away.
The ova are lifted out by a haircloth tray—the use of

bags of silk bolting-cloth is being tried—the process usually

occupying some hours, and are then transferred to the

hatching-boxes, where a constant current of pure sea-

water is maintained through them.
The pre-eminent attraction of the whole establishment

is, of course, the Dannevig hatching apparatus. They
form the special feature in the Norwegian method. They
consist of an oblong wooden box, divided into two series

of seven water-tight compartments, by one central longi-

tudinal and six transverse partitions. With the first and
the last compartment in each series, those at the ends,

the inflow and outflow pipes communicate ; the other five

compartments in each series are wider, and contain the

hatching-boxes. With wooden sides and a bottom of

haircloth, the latter are attached to the top of the trans-

verse partition by leather hinges, and when the apparatus

is full of water the free end floats up. The apparatus,

each with its ten boxes, are arranged in pairs, four on
each side of the apartment. On entering an apparatus the

water falls into one of the narrow compartments, which
communicates with its fellow, and upon both becoming full

it overflows into the first pairof hatching-boxes, and through
the haircloth bottom into the compartments in which they

are contained ; this overflows into the second pau- of boxes,

and so on, until the narrow compartments at the lower end
are reached, whence it escapes by a waste pipe through the

floor. The fact of the free edge of the box being floated

up as the compartment becomes full of water, admits of

the application of a special feature of Dannevig's system

—

the forcible depression of the box at intervals, which forces

water up through the haircloth bottom. As the current

passes in at the top it falls on the surface, but it alone is

insufficient to maintain the buoyant eggs in a state of

equal distribution throughout the mass of water, and unless

an up-and-down movement is imparted to the boxes the
eggs collect in a layer on the surface. The movement is

accomplished by an iron rod, jointed to the upper end of

the hatching apparatus, and passing down the middle
between the boxes, and possessed of five short, transverse
pieces, one for the free edges of each pair of boxes.
Without going into details, suffice it to say that motion is

conveyed to the rods, so that they are alternately slowly
hfted from the boxes and allowed rather suddenly to fall

upon them. When the rod is raised, the buoyancy of the
boxes causes them to float up, as has been described, and
when it falls it is weighted sufficiently to press them, and
submerge them in the water, which rises through the
perforated bottom.

By and by the fishes emerge from the eggs. The fry

are kept in the hatching-boxes until the yolk-sac, from
which they derive their nourishment in the early stage,

is nearly absorbed, and they are able to eat ; no attempt
being made to feed them, they are transferred directly to

suitable places in relation to the fishing-grounds, where
they are liberated. Thus they are deposited in the sea

while still in their larval state. At this period, it may be

mentioned, the fry of flat fishes have not attained the

characteristic appearance of their kind, but resemble those

of round fishes, such as cod or haddock ; the body is

symmetrical, and the eyes are placed one on either side of

the head ; and it is only after the lapse of two months or

so, which are spent in the surface waters, that they acquire

the adult form and habits fitted for a bottom life, enabling

them to secure protection by resemblance to the groimd on
which they he, and by burrowing. There can be no doubt
that gi'eat destruction of the young arises from natural

causes during this period of pelagic life, and a great step

in advance would be made were they artificially protected

for the necessary time before planting them on the fishing-

grounds ; clearly, it would immensely increase the

usefulness of the hatchery to the fishing industry. The
fish at this stage are small, and multitudes could be dealt

with. For the purpose, control must be had of a large

body of water to form tidal ponds, and this lies ready to

hand in the sea-creeks adjoining the hatchery. If enclosed,

they would furnish admirable quarters for the rearing of

many millions of fry simultaneously, and would afford a

volume of pure sea-water exceeding half a million gallons.

This inclosure would also serve for the retention of

large numbers of brood-fish, or spawners, which would be

collected gradually before the actual hatching work begins,

the small arm or inlet of one of the creeks which is now
utilized, though it is very serviceable in this respect, being

of insufficient size to store aU the fishes required. At the

hatcheries in the United States, Norway, and Newfound-
land, ample accommodation of this sort has been provided.

At these hatcheries the species of food-fish almost
exclusively treated is the cod, which constitutes a very

important element in the fisheries of those countries. But
in Scotland the cod, though an important fish, is not the

most valuable, nor is there definite evidence of the supply

diminishing. On the contrary, it is the valuable flat-fishes,

soles, lemon-soles, turbot, and plaice, that show unquestion-

able decrease, and it was therefore decided that with these

fishes the hatching operations should be commenced at

Dunbar.
The sixteen Dannevig apparatus there can together

accommodate at one time about 80,000,000 cod eggs, and
since, during the spawning season of any species, the

hatching-boxes may be refilled at least twice, no fewer

than about 100,000,000 cod eggs may be handled in the

course of one season. Plaice eggs are larger, and perhaps

only 100,000,000 could be hatched. The eggs of the sole

are about the same size as those of the cod, those of the

lemon-sole and turbot somewhat smaller, so that the

working capacity of the hatchery in the year may be

stated as equal to several hundred millions. About 92

gallons of water are requisite per hour for each apparatus,

that is, for about 5,000,000 cod eggs, so that the supply

for sixteen apparatus must be about 1500 gallons per

hour, and adding 800 gallons for the spawning-pond, the

total quantity for 80,000,000 cod eggs is 2300 gallons per

hour. The pumps are, however, capable of throwing over

7000 gallons per hour, and thus by increasing the apparatus

—an inexpensive proceeding compared with the cost of

enlarging the water supply—the quantity of spawn that

may be dealt with may be more than doubled.
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Somt HXtmxt patents.

Matthias Nace Forney, New York, XJnited States. Improvements
in steam engines. This inreution is more particularly designed for

simple or single expansion engines, but is also apjilioable to eompoiind

eni»ines, and its objects are to provide means for counterbalancing

the momentum of reciprocating elements, one by another, without

inducing disturbing action at right angles to the movement of such

elements. The figure shows its application to a locomotive engine.

1 is the cylinder, 2 the piston, 3 the piston rod. the outer end being

coupled to the primary lever, 7, one end of which is connected by a

pin, 9, to a sliding block, 10, working in a fixed guide, 11. The lever,

7, is coupled by a pin, 12, to the upper ends of a pair of secondary
levers, 8, 8. Instead of coupling the connecting rod, 4, directly to

the end of the piston I'od, it is coupled to the lower ends of the
secondary levers, and its opposite end is coupled to an ordinary crank
pin. The rod, 30, in combination with the reversing link, 20, governs
the motions of the valve by the rod, 24, giving constant " lead," and
variable expansion.

3'o. 20,808. Dated SOfh October, 1894. Accepted 27th Jamtary,
1895. Eight figures.

.H
Johann Anthon, of Flensburg, Germany. Improvements in or

relating to band-saw machines. The object of this invention is to

mount two or more band-saws upon two or more sets of pulleys, to

afford facilities for cutting boards of various thicknesses and at

various angles. Fig. 1 shows two band-saws mounted on pulleys of

different diameters, and Figs. 2 and 3 show methods of varying the

saw cuts. The position of the lower axles of both the saw pulleys

is fixed, but the axles of the upper saw pulleys, A and A', are

mounted in separate bearings, so that each one of the saw-bands may
be stretched independently of the other, in a vertical direction. The
small pulley. A', is placed before the larger pidley. A, to enable the

saw-band, S, to be lifted over the small pulleys. B B' are shifting

guide blocks, capable of being independently moved to the right and
left, so as to make parallel or inclined cuts, as required.

No. 9212. Dated 9th Mag, 1895. Accepted loth June, 1895.

Seven figures.

THE FACE OF THE SKY FOR AUGUST.

S

By Herbert Sadler, F.E.A.S.

POTS and faculiB are still visible in considerable

numbers on the solar surface. There will be a

partial eclipse of the Sun on the 20th, but it will

only be visible in parts of Russia and Western

Asia. Conveniently visible minima of Algol occur

Im. P.M. on the 15th, and at 8h. 45m. p.m. on theat 12h.

18th.

Mercury is visible as a morning star during the first

portion of the month. On the 1st he rises at 2h. 55m.

A.M., or one hour and a half before the Sun, with a

northern declination of 21° 29', and an apparent diameter

of 6-0 ^ about y^ths of the disc being illuminated. On the

5th he rises at 3h. 18m. a.m., or about one hour and a half

before the Sun, with a northern declination of 20° 42',

and an apparent diameter of 5i", T%*oths of the disc being

illuminated. On the 10th he'rises at 3h. 47m. a.m., or

53m. before the Sun, with a northern declination of

18° 44', and an apparent diameter of 5i", tVo^Iis o^ '^®

disc being illuminated. After this he approaches the Sun
too closely to be visible. He is in conjunction with Jupiter

at 5h. P.M. on the 1st (this conjunction is not, of course,

visible at Greenwich), ]\Iercury being 9' to the south, and

in superior conjunction with the Sun on the 17th. While

visible he describes a direct path in Cancer.

Venus is an evening star, and is theoretically at her

greatest brilliancy on the 14th. She will, however, be too

near the Sun to exhibit her full splendour. On the Ist

she sets at Oh. p.m., or about an hour and a quarter after

the Sun, with a northern declination of 1° 18', and an

apparent diameter of 31^", ^Vo^bs of the disc being

illuminated. On the 9th she sets at 8h. 29m. p.m., or

57m. after the Sun, with a southern declination of 1° 55',

and an apparent diameter of 35i ', f\jths of the disc being

illuminated. On the 13th she sets at 8h. 12m. p.m., or

about three-quarters of an hour after the Sun, with a

southern declination of 3° 24', and an apparent diameter

of S7i", TVxsths of the disc being illuminated. After

this she approaches the Sun too closely to be conveniently

observed. While visible she describes a direct path in

Virgo.

Mars is, for the obser%'er's purposes, invisible.

The minor planet Vesta is in opposition to the Sun on
the 25th, her magnitude at the present opposition being

about equal to that of a 6^ magnitude star. On the 1st

she souths at 2h. 12m. am., with a southern declination

of 16° 15'. On the 13th she souths at Ih. 17m. a.m.,

with a southern decHnation of 17° 56'. On the 25th she

souths at Oh. 15m. am., with a southern declination of

19° 34'. During the month she describes a retrograde

path in Aquarius. At lOh. p.m. on the 3rd she is 5 seconds

preceding and 7
1

' south of the 8rd magnitude star J Aquarii

;

at 9h. p.m. on the 18th she is in conjunction with the 5th

magnitude star 66 Aquarii,
-J° to the north ; and at opposi-

tion she is about li° W.S.W.
"

of V Aquarii {5\ magnitude).

Jupiter is a morning star, but is too near the Sun for

observation during the first portion of the month. On
the 9th he rises at 2h. 33m. a.m., with a northern declina-

tion of 21° 26', and an apparent equatorial diameter of

31 1". On the Slst he rises at In. 36m. a.m., with a

northern declination of 20° 35', and an apparent equatorial

diameter of 325". The following phenomena of the

satellites occur while the planet is more than 8" above and
the Sun B" below the horizon. On the 14th a transit

ingress of the shadow of the first satellite at 3h. 28m. a.m.

of that star and 1|° N.N.E.
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On the 15th an occultation reappearance of the first

satellite at 3h. 41m. a.m. On the 20th a transit egress

of the shadow of the second satellite at 2h. 56m.
A.M. On the 30th a transit egress of the shadow of the

first satellite at 4h. im. a.m. While visible, .Jupiter

describes a short direct path on the confines of Gemini
and Cancer.

Saturn is still visible, but must be looked for as soon

after sunset as possible. On the 1st he sets at lOh. 33m.
P.M., or about two hours and three-quarters after the Sun,

with a southern declination of 9° 39', and an apparent

equatorial diameter of 16J
' (the major axis of the ring-

system being 38" in diameter, and the minor Hi"). On
the 19th he sets at 9h. 25m. a.m., or about two and a

quarter hours after the Sun, with a southern decimation of

10" 5', and an apparent equatorial diameter of 10;^" (the

major axis of the ring-system being 3C|" in diameter,

and the minor lOJ"). After this he gets too near the

Sun to be conveniently observed. While visible, he
describes a short direct path in Virgo, not far from
X Virginis.

Uranus has practically left us for the season, and in the

case of Neptune we defer an ephemeris till September.
This month is one of the most favourable ones in which

to observe shooting stars. The most noted shower is that

of the Perseids, with a radiant point at the maximum
display on August 10th, in R.A. llh. 52m.—50^. Obser-
vations of this region with an opera glass will no doubt
show stationary meteors, or meteors which shift their

positions very slowly. Their places, and the direction of

their shift, should be noted for the purposes of determining
whether the radiant is a geometrical point, or a circle, or

an elliptic area, as suggested with regard to the November
meteors {Monthly Notices of the Roynl. Astronomical Soeieti/,

Vol. XLVII., pp. GG-73). The radiant point souths at

5h. 87m. A.M.

The Moon is full at Ih. 51m. p.m. on the r,th ; enters

her last quarter at 5h. 19m. p.m. on the 13th ; is new at

Oh. 5iim. P.M. on the 20th ; and enters her first quarter at

5h. 43m. A.M. on the 27th. She is in apogee at 7h. p.m.

on the 7th (distance from the earth 252,320 miles), and in

perigee at 9h. p.m. on the 20th (distance from the earth

222,100 miles). At 2h. 51m. a.m. on the 5th the Gth magni-
tude star 17 Capricorui will make a near approach to the
lower limb at an angle of 331°. At Oh. 25m. a.m. on the 7th
the Gth magnitude star 42 Aquarii will disappear at an angle
of 73°, and reappear at Ih. 41m. a.m. at an angle of 214°.

At Ih. 44m. A.M. on the 8th the Gth magnitude star

81 Aquarii will disappear at an angle of G0°, and reappear
at 3h. 2m. a.m. at an angle of 222°; and at 3h. 17m. a.m.

the Gth magnitude star 82 Aquarii will disappear at an
angle of 10 , and reappear at 4h. 14m. a.m. at an angle of
274°. At 9h. 11m. p.m. on the 12th the Gi magnitude
star B.A.C. 782 will disappear at an angle of 52 (the star

being below the horizon at the time), and reappear at
lOh. Im. P.M. at an angle of 261°. At Ih. 44m. a.m. on
the 13th the 5j magnitude star jj. Arietis will disappear at

an angle of 22°, and reappear at 2h. 38m. a.m at an angle
of 278-

; and at lOh. 51m. p.m. the Gi magnitude star

GG Arietis will make a near approach to the lunar limb at

an angle of 159°. At 3h. 3m. a.m. on the IGth the 6^
magnitude star B.A.C. 1746 will disappear at an angle of
15G°, and reappear at 3h. 17m. a.m. at an angle of 134°.

At 9h. 12m. p.m. on the 27th the 6,^ magnitude star
B.A.C. 174G will disappear at an angle of 85°, and reappear
(below the horizon) at an angle of 279°. At Gh. 23m. p.m.

on the 30th the Gth magnitude star B.A.C. GGGG will

disappear (in bright sunlight) at an angle of 50°, and
reappear at 7h. 35m. p.m. at an angle of 289°.

By C. D. LococK, B.A.Oxon.

Communications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.
Solutions of July Problems.

No. 1.—(By 0. D. Locock.)

1. Q to KKt7, and mates next move.
Correct Solutions received from H. S. Brandreth,

Alpha, W. 0. Brigstocke, G. G. Beazley, Dr. Hardwick,

E. W. Brook, W. WiUby, J. T. Blakemore, A. G. Fellowes,

and A. Louis.

No. 2.— (By A. F. Mackenzie.)

Key-move.—1. R to K5.

. . B X R. 2. R to QKt5.

. . Kt moves. 2. R to Q5ch.

. . P to KG. 2. R X Kt mate.

. . RxP. 2. RxPch.
Solutions received from H. S

1. .

1. .

1. .

1. .

Correct Brandreth,
J. T. Blake-W. 0. Brigstocke, E. W. Brook, W. Willby,

more, and A. Louis.

A. G. Fellowes.—Many thanks. They appear below.

Glad to hear of your continued successes.

\V. 0. Briystoche.—Your inquiry having been acci-

dentally neglected, you are credited with solution of the

three-mover. The solution, of course, has been previously

published elsewhere.

Alpha.—If 1. R to QKt5, P to K4, and there is no mate
in two moves.

PROBLEMS.
By A. G. Fellowes.

Black (3).

White (10).

White mates in two moves.

No. 2.
Black (5).

White (9).

White mates in two moves.
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[The foregoing problems by our valued correspondent

obtained respectively first prize and honourable mention
in the recent problem tourney of the Birmin/jhain Wiekli/

ilercury.^

The score of the following
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THE INTERNATIONAL GEOGRAPHICAL
CONGRESS IN LONDON.

THE meeting of the Sixth International Congress

commenced at the Imperial Institute on the

evening of Friday, the 26th of July last, by the

presentation of the foreign delegates to the Duke
of York as Honorary President, who subsequently

took the chair in the Great Hall of the Institute and
addressed the members of the Congress, extending a

welcome and expressing his hope that their proceedings

would be productive of great benefit to geographical science.

His Koyal Highness was followed by Mr. Clements

Markham, F.E.S., the President of the Congress, who
also offered a warm welcome to all, and especially to the

foreign visitors, whom he congratulated on the gathering

together of such an assembly of eminent geographers, and
on the progress that had been made in geographical

discovery. Chief .Justice Daly, President of the Geo-
graphical Society of New York, on behalf of the foreign

delegates, thanked the Congress for the hearty welcome
they had received.

THE PRESIDENTIAL ADDRESS.

The presidential address of Mr. Clements Markham was
delivered at the general meeting of the Congress on

Saturday morning, after a letter from the King of the

Belgians had been read, in which His Majesty expressed

his regret at his inability to be present.

The President said that, as nations paid differing

amounts of attention to the various branches of geography,

it was desirable that the line of general advance should

be, as it were, dressed by an international gathering of

geographers. In the matter of geographical education

England was behind other nations, for although

geography was the mother of sciences, the English

Universities had not yet recognized it as a science.

It was time, therefore, that the training of teachers

in geography for secondary schools should be taken in

hand independently of the Universities. The Royal

Geographical Society had for the last fifteen years

aided the scientific study of geography, since it was of

great importance that explorers should be able by correct

surveying, etc., to bring home accurate reports and maps.

Locality was the basis on which all human knowledge

rested ; hence the importance of stimulating the execution

of accurate surveying could not be exaggerated. Carto-

graphy, and the bibliography and orthography of geography

were important also, and it was now highly desirable to

adopt a uniform system of transliterating geographical

names. With respect to the Polar regions, the time had
long gone by when it was necessary to argue in favour of

Arctic exploration. There was not sufficient known of the

North Polar region to give correct general ideas of the

relative extent of land and sea, of the laws regulating

winds and currents, of the biological distribution, or of

the geological history of that most interesting part of the

globe which was the first to become sufficiently cool to

sustain life. Expeditions ought to be undertaken from at

least five different directions, but ships ought not to be

sent out for the mere purpose of reaching the Pole, but for

thorough investigation in the interests of physical science.

Though Weyhrecht's plan of simultaneous observations at

fixed points was admirable, he thought geographical dis-

covery ought to be the principal object of an expedition.

Then followed an interesting historical review of the

contributions to the exploration of the globe by the various

nations of Europe and by the United States in the following

order, as indicating precedence :—Italy, Portugal, Spain,

France, Holland, Belgium, Germany, Austria-Hungary,

Switzerland, Russia, Sweden, Norway, Denmark, and the

United States.

The President concluded by again offering a most cordial

welcome to the distinguished geographers present.

Prince Roland Bonaparte proposed that the thanks of

the Congress be given to the President for his address, and

this was seconded by Prof. Von den Steineu, and carried

with acclamation.
GEOGRAPHICAI, EDUCATION.

Prof. E. Levasseur, in his paper, "Geography in

Schools and in the University," advocated, in primary

education, commencing with a description of the place

where the school is situated, because it is based on things,

not on words, and leads the pupil to reflect and under-

stand what is taught. At the outset the plan of the

schoolroom teaches what a map is, and leads to the

comprehension of a plan of the surrounding district, with

which the pupil is presumably well acquainted. Globes

are necessary to teach the shape of the earth. Three

notions should be absorbed by the pupil—the name of the

thing, the shape of the thing, and the meaning of the

thing. Besides good maps and globes, and a blackboard,

correct relief maps, if obtainable, should be used. In

France, in secondary education, since 1872, physical

geography has occupied the first place, then historical
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and political geography, and thirdly, economic geography.
Higher geographical teaching is given in the College of

France, and in some special schools in the Faciiltes des

Lettres, rarely in the Facultes des Sciences. The views
of Prof. Levasseur were supported by Sefior Torres

Campos, and M. Drapeyron pointed out the value of

geographical walking excursions.

In a paper " On the Training of Geography Teachers

in the Universities," Prof. Lehmann insisted on
the following requirements : outlines of mathematical
geography, general physical geography, general ethnology,

special descriptive geography, outlines of the history of

geography and the chief discoveries, instruction in the

use of methods of illustrating geographical teaching with

the aid of astronomical apparatus and diagrams, specimens,
models, ordinary and relief maps, pictures and diagrams,

a knowledge of drawing, the faculty of observation in the

field, and the art of teaching. The educated classes can
only attain that good geographical knowledge which is of

such great practical value to them by the Universities

doing their part in providing a sound geographical training

to intending teachers.

Mr. A. J. Herbertson followed with a paper " On
Geography in Secondary Education and the Training of

Teachers therein." AVhile the elementary school teacher

usually receives some geographical instruction in the

training college, the secondary schoolmaster in our
country rarely has any. It therefore follows that the

artizan classes have a better geographical education than
those classes to which geography is of much greater

practical importance. The first step to be taken to remedy
this deplorable state of affairs is to train the teachers for

our secondary and higher schools, and to give geography
a standing as a degree subject in our Universities ; and
Mr. Herbertson suggested that a resolution be passed to

call the attention of Government and University authorities

to it, to ask for the adequate recognition of geography in

higher schools and colleges, and the proper provision for

satisfactory instruction both in secondary schools and
Universities.

In a paper by Dr. Henkel (which was taken as read)
" On the Combination of Geography and History in the

Curriculum of Modern Sahools," illustrations of the

intimate connection of geography and history were given

from both ancient and modern nations, of which Great
Britain furnishes the most fertile and characteristic

material. Great Britain owes its greatness to the physical

basis of the ocean, as was the case with Ancient Greece,

and offers a great contrast to the political life of Asia.

Insular conditions were greatly assisted by Magna Charta.

The nation has a thoroughly Germanic character, and offers

a striking contrast between rich and poor. The mountains
of Scotland have been of great historical importance to

that country, while its oceanic climate has greatly affected

Ireland. The rivers of Great Britain have facilitated

marine intercourse. Thus everything conduced to the

material development of a great maritime power culmina-

ting in the eighteenth century, and assisted at a later

period by mineral wealth, steam, and industry.

Mr. Mackiuder advocated the establishment of a central

school of geography in London, and Mr. Hooper spoke of

the work done by the London Chamber of Commerce.
Chief Justice Daly, Prof. Levasseur, Prof. Lehmann,
Mr. Mackinder, and Mr. Herbertson were appointed a

committee to prepare a resolution to be submitted to the

Congress.

I'UOTOURAPHIC SUE^1;Y^NO.
" The Application of Photography to Mapping " was the

title of a paper by Colonel Laussedat, which described the

processes and instruments by means of which surveying

had been successively practised by the Greeks, the Arabs,

the Spaniards and Portuguese, and by the Dutch. The
" Dutch Circle," evidently derived from the Astrolabe,

came to transform the arts of geodetic and topographical

surveying. By the invention of the " Pretorian T.i,ble,"

round the centre of which moved an " Alhidade," the

method of triangulation soon became general. The vernier,

the cross wires in the telescope, the spirit level, the per-

fecting of dividing machines, the theodolite, the filiar

micrometer, and the stadia, have all contributed to the

ease and accuracy of surveying. Topographical sketching

was greatly used in ancient and media>val times, and
during the sixteenth and seventeenth centuries " bird's-eye

views " of towns, harbours, castles, etc., were generally

used in place of maips, and great artists executed views of

cities, sieges, and battle-fields, which were excellently en-

graved. The method of horizontal sections, first introduced

in France, may be mathematically accurate if a sufficient

number of points are included in the levelling operations,

and for this purpose the use of photography would be a

quick method. The views would be available for subse-

quent reference, and as guides in the construction of

horizontal sections, and in addition they have the incom-

parable advantage of rendering the different aspects of the

land surface features, and thus form a picturesque com-
plement to the general plans. M. Dechy insisted on
photography being only an auxihary to triangulation, and
Mr. Coles informed the section on the subject of his map
constructed from photographs of the Caucasus, in which
region surveys have been conducted by the aid of photo-

graphs and prismatic compass readings.

Captain B. H. Hills, E.E., then read a paper " On the

Determination of 'I'errestrial Longitudes by Photography."

Following Dr. Euuge's method, in which instantaneous

exposures were made of the moon, and the reference stars

were allowed to impress their trails on the plate, a better

method of measuring and reducing the plate was adopted,

and a more suitable camera em^jloyed. The method of

reduction used was that of rectilinear co-ordinates,

which had been worked out by Prof. H. H. Turner
for reducing the plates of the International Photo-

graphic Star Chart. The longitude can be obtained from

one photographic plate with an error of about one second

of time.

The last paper of the sitting was by Prof. J. Thoulet,

"On the Application of Photography to Oceanography."

The shifting and changing sandbanks along our coasts are

such a danger to navigation that it would be of great use

to possess plans of them at given times, and under given

conditions. This can be accomplished by means of pho-

tography during a single low tide, either from the land or

on board a vessel, even in motion. Any camera can be used,

and it is only necessary to know its focal length, and to

photograph along with the object of survey a point of

known elevation and known azimuth.

Subsequently Mr. Coles described Colonel Stewart's

camera for producing photographs of the whole horizon,

and M. Janet spoke on the determination of longitudes

without instruments of precision.

ANTABCTIC EXPLORATION.

The question of Antarctic exploration was opened by
Dr. Neumayer by an elaborate paper " On the Scientific

Exploration of the Antarctic Eegious," in which, after

reviewing the history of Antarctic exploration in the past,

he insisted on the scientific necessity of a new exploring

expedition, with aims similar to those of Sir James Eoss.

The climatology of the globe could not fail to be advanced

by an expedition that remained within the Antarctic Circle
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during the winter. In Germany the advantages and
practicability of Antarctic exploration have been discussed

by eminent geographers, who are agreed as to its high

scientific value ; that amougst the sciences to be benefited,

terrestrial magnetism occupies the most prominent
position, and that the establishment of a magnetic obser-

vatory in the Antarctic regions for twelve or eighteen

months would be of great service to science ; but that if

there were simultaneous observations in both Polar regions

the best results would be obtained. Dr. Neumayer gave

a brief account of the calculations he had been engaged in

during the last ten years, to show the necessity for a

magnetic survey of the Antarctic regions. A gravity

survey and pendulum observations would furnish geodetic

data of the greatest importance. The study of glacial

phenomena would, too, be advanced by further knowledge
of the southern ice-cap, and the causes of the variability of

geographical latitude would probably be elucidated by
Antarctic phenomena, while zoology would be advanced
by further knowledge of the animal life of the southern

seas. The route to be taken ought to bo along the meridian
of New Zealand, or near the meridian of Cape Horn, or

near the meridian of Kerguelen Island. The last-named
route was resolved upon in April last by the Antarctic

Committee of the " Geographentag " at Bremen. The
author, in conclusion, hoped that the grand example set

fifty years ago by the British, French, and American
nations may be followed, and that three expeditions may
be simultaneously started on each of the three routes he
had named. This might result in one of the most noble
achievements of modern times.

The President, after eypressing an opinion in favour of a

combined effort of nations, called upon Sir .Joseph Hooker,
the only survivor of Sir .James Ross's expedition, who
considered that in a new Antarctic expedition special

attention should be given to terrestrial magnetism,
meteorology, and fossils.

Dr. John Murray supported a new expedition, for it would
add to our knowledge of the physics of the earth. Victoria

Land, he thought, was a real Antarctic continent and not

a series of islands. Gneiss and other continental rocks

were dredged by the Ohalh'ti;ier in its seas, and whalers
brought Kadiolarian ooze, etc. There was a low
barometer all round the Antarctic, indicating it to be an
anti-cyclonic area. Life was more abundant at one
thousand fathoms than in any other seas ; one hundred
species had been taken on two occasions, and these had
included large animals, and sixty per cent, were not found
elsewhere. He concluded that a littoral fauna had been
driven down into deep water by surface currents. There
was a great death of surface fauna which formed the food

of the bottom fauna. All civilized nations should
co-operate before the close of the century, and Great
Britain should lead. There should be a preliminary

survey of the exterior of the region, and then observatories

should be estabhshed for two winters, to be visited in the

summer.
Sir George Baden Powell, M.P., spoke of the increase

of the trade of the southern seas requiring a better

knowledge of their currents, etc. He thought he coiild

pledge the new Parliament to face any necessary expendi-
ture, and Australia would help. He hoped a new Antarctic

expedition would be the crown of this Congress. The discus-

sion was continued by M. de Lapparent, General Greely,

and others. M. B. de la Cirye, M. de Gregorin, Sir

Joseph Hooker, Dr. John Murray, Prof. Neumayer,
Lieut. -Col. de Shokalsky, and Prof. Yon den Steinen,

were appointed a committee to prepare a resolution in

favom- of Antarctic exploration.

ABCTIC EXPLORATION.
On the subject of Arctic exploration Admiral A. H.

Markham read the first paper, the object of which was to

briefly survey the threshold of the unknown region within
the Arctic Circle. The routes by which this unknown region

might be approached were (1) Smith Sound, (2) Jones
Sound or Wellington Channel, (3) Spitzbergeii, (1) Franz-
Josef Land, (.5) New Siberian Islands (6) Behring Strait.

Our knowledge of Spit/.bergen we owe to Hudson, Sir E.
Parry, Leigh Smith, Gilles, and Tobiesen. It was safe to

approach from the action of the Gulf Stream, and the ice to

the north was smooth but moving south. Franz-Josef Laud,
discovered in 1872-73 by the drift of the " Tegethoif," and
visited in 1880-81 by Mr. Leigh Smith, is probably a large

land area, and so with its good harbours for wintering

ships is a promising route and had been adopted by the

Jackson Harmsworth expedition. Its western shores

should be first explored. The route of the New Siberian

Islands taken by Nanseu was not approved, as Admiral
Markham doubted the theory of that intrepid explorer.

These islands were, however, highly interesting from their

fossil trees and bones of mammoths. The old Greenland
route was adopted by Lieut. Peary, whose safety was now
in doubt. Each nation should iindertake the exploration

of a certain portion of the Arctic regions, and the results

of such a combined eft'ort would be for the advancement
of physical geography, geology, ethnology, zoology,

meteorology, and oceanography.
General Cireely, in a paper " On the Scope and A'alue

of Arctic Exploration," after referring to its difficulties,

pointed out the commercial, scientific, and missionary
results of further exploring work in the Arctic regions, and
concluded an eloquent address by an appeal to Britain to

continue its great work.

M. S. A. Andree then brought before the Congress his

project for reaching the Pole by means of a balloon. To
achieve this result the following requirements ought to be

fulfilled :—(1) The balloon should be of sufiicient carrying

power to enable it to carry three persons, together with

all necessary instruments for making observations, pro-

visions, etc., for four months, and ballast, all estimated to

weigh about three thousand kilogrammes. (2) The balloon

should be of such impermeability that it can be kept afloat

for a period of thirty days. (3) The filling of the balloon

must take place somewhere in the Arctic region, (i) The
balloon should be steerable to a certain extent. The
question, then, to be put to an aeronautical engineer is.

Can this be done '? He will be justified in answering,

Yes. M. Andree showed from practical experiments that

his requirements 1, 2 and 3 could be obtained, and he

had himself by means of a steering apparatus caused his

balloon, " Svea," of one thousand cubic metres, to deviate,

on an average, 27'' from the direction of the wind. This

was efl:'ectcd by providing the balloon with an adjustable

sail, and one or more guide-ropes, which are allowed to

drag on the ground. The balloon is thus made to move
with less velocity than the wind, and this difference is

utilized by the sail. The balloon will be balanced to

travel at an average height of two hundred and fifty

metres above the surface or below the lowest clouds, but

above surface fogs. Continual daylight, rapidity of travel,

uniformity of temperature, an unencumbered surface,

little snowfall and absence of thunder-storms, render

success in reaching the Pole, with a steady favourable

wind, highly probable.

Admiral Markham objected that, even if such a plan

were successful, it would be confined merely to getting to the

Pole, and would not give surface facts. Colonel \Vatson

testified from Aldershot experiments and practice that
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balloons can be made to bold gas for a lengtbened time.

Tbe Arctic regions were better adapted for ballooning than

any other area, from the uniform temperature and con-

tinuous daylight. General Greely opposed the project as

being too risky. The balloon might get to the Pole, but

how was the party to return with prevailing southerly

winds ? He doubted if the balloon could live more than

three or four days. In his reply, M. Andree said that he

had tested his plan over a large region, and stated that

the required funds had already been placed at his disposal.

A paper by Mr. E. Payart advocated as a preliminary

measure the extension of telegraphic communications as

far north as possible, towards advanced points that might

be adopted as starting stations by different simultaneous

expeditions resulting from international action, which

would do more effective work in a couple of years than

would be accomplished by a large number of successive

expeditions. This was followed by a paper " Oq Eussian

Eesearches on a Sea Eoute to Siberia," by Lieut. -Col.

Shokalsky.
PHYSICAL GEOGRAPHY.

M. G. Lenuier contributed a paper " On the Modifi-

cation of the Coasts of Normandy," in which the author

described the destruction of the coast that had taken place

and was now going ou, the cliff-falls north of the Seine

estuai-y, the cliff-falls south of the Seine estuary, the

destruction of rocks by marine animals, and tbe

modification of the coast-line by deposits.

Prince Eoland Bonaparte, in a paper " On Periodic

Variations of French Glaciers," after giving the history

of the question, stated the methods employed as

information obtained from the inhabitants of the

localities ; study of old plans ; using simple points of

reference, by the aid of which the distance to the glacier

is measured as frequently as possible ; the placing of lines

of stones at the toot of the glacier, the plan of which is

prepared geometrically ; the annual construction of a

complete geometrical plan of each glacier. Upwards of

two hundred glaciers in tbe French Alps were under

observation, and the conclusion arrived at was that most
of these glaciers are shrinking, but that a tendency in the

opposite direction is beginning to manifest itself in many
places. The author concluded by a reference to the possible

relations which may exist between these variations and
general atmospheric conditions.

Papers on the measurement of time and angles were

presented.

GEODESY.

General -J. T. Walker read a paper " On the Geodetic

Operations of the Indian Survey," which described the

great triangulation of India, by which the lengths of the

arcs are determined ; the astronomical operations for the

determination of the latitudes of some of the stations of

the survey ; and the electro-telegraphic operations for the

determination of differences of longitude. The astro-

nomical deductions are believed to be far more numerous
than in any other geodetic survey. On comparing them
with the corresponding geodetic deductions, it is found

that large deflections of the plumb-line are met with, and
frequently in places where there is nothing visible on the

surface of the ground to indicate causes of deflection, and
where the cause must therefore lie in variations of density

in the strata beneath the ground-level. Excluding all

places obviously affected by Himalayan attraction, there

are one hundred and forty-eight astronomical latitudes,

which have been combined into nine groups, presenting

eight meridional arcs of amplitude extending from

lat. 8 43' to lat. 30^ it', with amplitudes ranging from
2" 23' to 3 88', and increasing with the magnitudes of the

local deflections apparently affecting the arc. For the

longitudinal arcs, four have been formed ou the parallels

of 12' .58', 17° 12', 23" 30', and 28° 22', by combinations

of the original arcs. The eight meridional and the two

central longitudinal arcs are believed to be the most

valuable contribution to geodetic science that has ever yet

been made, and the result of operations carried on in

India for a period of over ninety years.

A paper was then read "On the Desirability of a

Geodetic Connection between the Surveys of Eussia and

India," by Colonel Holdich, who proposed, with the co-

operation of Eussia and Persia, the negotiation of three

arcs : (1), between the Indus and Charban, on the Persian

coast, a longitudinal arc
; (2), between Cliarban and

Mashad, a meridional arc ; and (31, between Mashad and

Teheran, a longitudinal arc. The first of these would be

about four hundred miles, the second six himdred miles,

and the third four hundred miles, all of them through

country most favourable for triangulation.

M. Lallemand presented a paper "On the General

Levelling of France," giving an account of the new survey

operations commenced in 1884, to replace that of

Bourdaloiie in 18G0. From 1881 to 1892 a fundamental

network was laid down, extending to a distance of

twelve thousand kilometres in length, comprising twenty

thousand fixed points, and attaining a degree of precision

three times as great as that attained by Bourdaloiie.

Papers on the geodetic survey of South Africa, by

A. de Smidt and Dr. David Gill, were also read.

(Ta he continued.

J

THE NEWLY-FOUND RACE IN EGYPT.

By J. E. QuiBELL, ('/' tilt- Kiiyptian llfscarch Account.

FOE
years past certain mysterious classes of objects

have been offered for sale in Egypt by the dealers.

They had never been found by European exca-

vators, though the number of places at which they

were ofi'ered— Gebelt-u, Silsileh, Abydos—showed
that they were fairly distributed over Upper Egypt. No
date could be assigned to them, for no one had ever

observed the position in which they were found or what
objects of known date were above or below them.

Whether they were Egyptian or foreign in origin, whether
they were due to one people or to several, no one could say.

During the past season, however, several of these classes

of objects have been proved to belong to a race of foreigners,

whose existence had not been suspected, and the date at

which these people overran Egypt has been determined.

When Prof. Petrie's private work and the excavations of

the Eesearch Account began last December near Dallas,

attention was at first directed to a large cemetery of early

Egyptian period. This proved to have been entirely

plundered by the dealers, largely within the last few years.

A town mound, the bricks of which bore the stamp of

Thothmes III., was examined and found to be the Ombos
mentioned in a famous passage of Juvenal. The temple

of the town was exhaustively cleai-ed and planned.

And then came the great discovery of the year.

Haifa mile back in the desert some circular depressions,

an inch or two deep and a yard wide, were noticed. Men
were set to dig. They cut down into graves, indeed, but

rifled ones. Trials were made near them, and other graves

were found. Then tbe remarkable fact was observed that

the bodies were not buried at full length, as the native

Egyptians always were, but in a contracted position. The
body lay upon its left side, with head south and face west

;
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the hands were in front of the face, and the knees were
drawn up to the elbows. Tomb after tomb was opened,
and the position of the body was always the same. It was
clear that we had to do with some non-Egyptian people.

Soon a better class of tomb was found, with pottery grouped
round the body. The pottery was mainly of two types ; a

black and red smooth-faced ware of simple and well-shaped

forms, and a coarser variety with wavy ledge handles.

Neither of these was known to be Egyptian. The red and
black pots had been often seen in dealers' hands, but to

what period they should be attributed was not known.
Those with handles we did not know in Egypt, but frag-

ments of similar vases had been found in Palestine, at

pre-.Judiic levels, by Prof. Petrie, and had been attributed

to the Amorites.

Slates, too, were found, often shaped to resemble a fish.

These were always placed in front of the face ; sometimes
they retained stains of green, and near the slate would be a

smooth brown pebble, also with a trace of green. The
green was malachite, and the slates seemed to be palettes

for grindiug face paint.

These slates, again, were well knov.n— specimens had
been often bought from dealers, and are to be found in

Fig. 1.—Finely woi'lied Fliufs and Irorv
newlv-found Eace.

Combs mude by the

various museums, but they are labelled merely " from

Egypt "
; whether they belonged to natives or to foreigners,

whether they were made in 4000 b.c. or 400 a.d., was totally

unknown.

Two more classes of objects were found which had
hitherto been unobserved in situ by any European, viz.,

stone vases with horizontally pierced handles, and flmts of

exceptionally beautiful workmanship. These last are the

finest specimens of such work known in any age. The
flaking is of machine-like accuracy and precision, surpassing

even the finest Scandinavian examples. The use of the

fish-tailed shape {lidc Eig. 1) can only be guessed. It was

attached to a wooden handle and used perhaps for spearing

antelopes.

The size of the tombs varied considerably. Some were

but two feet deep and barely large enough to contain the

crouching body and a single vase, while others were fifteen

feet by eight, and eight feet deep, and contained as many as

eighty pots, besides small objects, stone vases, beads, or

flints.

Most of the pots were empty, but certain large coarse

jars were filled with ashes. Ashes of what ? For the

bodies were not burnt. No sign of fire was on the bones.

Other jars were found containing mud. This was very

puzzling until one of the lumps of mud was found to smell

strongly, and then another was discovered with some

aromatic fat under the mud, then another with pure fat.

The mud had been, no doubt, an audacious adulteration

or a pious substitute. This fat seemed to smell of cocoa-

nut, but it has been proved on analysis not to be cocoa-nut

oil, though what it is has yet to be determined.

They must have been a tall and powerful race, as is

apparent from the great thickness of their thigh bones

and their massive jaws. In the early part of their sojourn

in Egypt mutilation of the dead was certainly practised

by this newly-discovered race. Of the first eight

hundred graves cleared, only two contained bodies with

skulls attached, in all the other cases the head was

tither mi?sing or more usually detached from the body

and lying at a higher level than the rest of the skeleton.

It is possible that the head was removed on death and

kept in the house for a year, as is the practice to this day

with some races, and afterwards, if it could be foimd, it

was buried. But there is no sign of mutilation in some

of the later graves ; and the body is strangely dried and

the flesh wonderfully preserved, as may be seen from

the skull depicted in Fig. 2. The hair and part of the

scalp is still attached, while the dried ear may be plainly

seen. The tendons, too, were so strong that a body

could almost be lifted out from the grave entire. This

points to a change in burial customs during the residence

in Egypt.
Altogether nearly three thousand graves were cleared

and recorded. In 'this work a man and boy were always

employed together. The man digs with a kind of adze,

and fills a basket, which the boy carries and ernpties.

When the bones and pottery appear the adze is laid

aside, and with a broken potsherd the man carefully

clears away the remaining gravel, leaving each bone and

object in its place, but clearly visible. Then the observer

comes, and, standing above the tomb's edge, sketches

what he sees, descending usually to clear something

more completely with his own hands. Then he marks

with the tomb number every object which has to be

kept, and sometimes even himself packs the men's baskets

that all the finds may be safely carried to the hut. A
single observer can thus clear and record with some care

about eight tombs in a day. In the two sites together,

those of Prof. Petrie and of the Research Account,

there were generally four observers employed, and the

stack of skeletons before the doors of the hut and the

regiments of pots which stretched out in front of them

grew rapidly.
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One great question set before us was to determine the

date and origin of this newly-discovered race. They were

clearly foreigners— their contracted burial, and the absence

i'lG, 2.—Skiiil of oiu' of tlio iiewlv-touiid liaue, with luiir aud ear »Lill alt-ri

of all purely Egyptian objects proved this ; that they must
have lived ia the country in great numbers, the size of the

cemetery showed. Tbey must also have lived there for a

long period, for the gradual change of fashion in the shapes

of vases could be seen as we dug from the older into the

later graves. Into what period of Egyptian history could

they fit ?

The only way in which this could be discovered was by
finding Egyptian objects of known date in graves or towns

of the new people, or objects of the new people in Egyptian
ruins. A careful watch was kept, but no scarab or scrap

of pottery of Egyptian manufacture was found in any of

the new graves. A small Egyptian temple was cleared

out. Pottery and bricks known to be of the XVIlIth
Dynasty were found on the surface, underneath them were

found sherds known to belong to the Xllth ; underneath

still further were more walls, and lying against them
pottery known as belonging to the IVth. And in all this

mass of material no scrap of the new pottery—no fine

flints—no trace of our new people was to be seen !

Three hundred yards away was the site of the foreigners'

town. It, too, was excavated ; the new types of pottery

were found in abundance, but as in the graves, nothing

Egyptian.

A third town, three miles north of the first, again be-

longing to the foreigners, was examined, and it was found

that alter the town had been ruined, the heaps of bricks

and mud had been found convenient places for burial, and

Egyptian full-length graves had been dug in it. The
graves contained no dated scarabs, but numbers of vases

of a peculiar drop-like shape and of straw-coloured clay.

The shape of the vases made us suspect them to be of the

Middle Empire (the XI—XIV Dynasty) and this suspicion

was confirmed when at some distance was found a single

burial containing two of these same vases and a necklace of

beads of undoubted Middle Empire patterns. The graves

then dug in the ruins of the town of foreigners

were of the Middle Empire, and the dominion

of the new race must belong to some period

anterior to this— either to the dark period

between the Old Empire and the Middle, or

to the pre-Egyptian period altogether, for

during the Old Empire the power of the

Egyptians was too well consolidated for any

great tribe of foreigners to have existed in the

country.

This question, too, was fortunately solved,

for at one point in this long, tomb-strewn

stretch of desert was another small cemetery,

plainly of Egyptian origin. Almost every tomb
had been robbed by dealers within recent years,

nnd lay open. The tombs were of an unusual

kmd, entered by sloping staircases cut in the

rock, but fragments of turned alabaster dishes

and potsherds of a well-known type proved

that they had been made by Egyptians of the

Old Empire. Some of the graves had been

robbed in ancient times, perhaps only a few

scoi-e years after their making, and in the soft

soil which soon accumulated in the open grave

a man of the new race had been interred. He
was buried, then, in an Old Empire grave ; the

invasion of the foreigners must, therefore,

have taken place after the Old Empire's fall,

at the close of the Vlth Dynasty. Perhaps

even it occasioned that fall, and we should thus

have an explanation, if not entirely a satis-

factory one, of the extraordinary and entire

separation of the remains of the two races.

The new people must have invaded Egypt at the close

l''lCt. .i,— '\ use, jUllltt'Ll ^Wllil :i (.Ic^lgll OL a >ill|'.

of the Vlth Dynasty, say 3300 b.c, and crushed the

pyramid builders. They must have swept out the Egyptians



September 2, 1895.] KNOWLEDGE, 199

from lipper Egypt with a terrible thoroughness, and Lave
lived there for several hundred years in their own way,
hardly trading at all with their Egyptian neighbours.

Then when, under the Antefs and jMentuheteps, Egypt
again rose to strength, the foreigners were expelled,

though not with quite the same thoroughness as they had
themselves used in expelling the Egyptians.

The foreigners did not write. Many scratched marks
were found on the pottery, but they were merely marl\s

of ownership, and do not show any alphabetic arrangement.
No record of them is preserved in Egyptian. Their memory
had been entirely lost for five thousand years, until the

fortunate results of one season's digging brought them
again into light.

One great question remains. Who were these foreigners,

and whence did they come— east, west, north, or south ?

Not from the south ; for in their skulls there is no trace

of a negro type, and they obviously knew the sea, for

on one of their rarer types of vase, as will be seen in

Fig. 3, is painted the design of a ship. It is more likely

that they came from tlie west, and were Libyans from
North Africa, who passed across the desert, taking the

oases on their way, and then struck into lipper Egypt.

Fio. 4.—Tfittooed Female Fitritre.

Little is known of the ancient Libyans. Little has been
known till of late years of the Kabyles, who are then-
descendants. But they were an important people even in

the da>s of Khafu, and Libyan archers with top knots of
ostrich feathers were well k-nown to Egyptians of that
day. In the Xllth Dynasty, Usertesen I. fought a cam-

paign against them ; in the time of Rameses III., so late
as 1200 n.c, they had again crowded into Egypt and were
by him expelled. They were an important and powerful
people.

A number of arguments point to the new race being
identical with this people, and nothing known is incon-
sistent with the idea. On the tomb of Seti in Biban el

Moluk some Libyans are repr; sented ; they have white
skin and are tattooed. Now in one of our graves was a
small tattooed statue of a woman, a photograph of which
is reproduced in Fig. 4. Agam, the fine pottery of the new
race is hand- made and was not made on the wheel. Rather
good pottery is made l)y the Kabyles of to-day, built up by
hand without the wheel, and the shapes and decoration
of this modern pottery recall in several points that of the
new race. This point will be settled by further study, and
when the measurements of the skulls are completed and
compared with any measurements of Kabyle skulls that
we can find, a good test of the identity of the race will

be aflbrded. As a working hypothesis, we may at any
rate say that it is the Libyans who have been discovered
in Egypt this year. It is much to be desired that a search
will be made for traces of this people in the oases and in

North Africa, and that a careful study will be made of their
modern representatives, the white populations of the
interior of Tripoli and Algeria.

WIND-FERTILIZED FLOWERS.

By the Rev. Alex. S. Wilson, M.A., B.Sc.

AS
an agent in cross-fertilization, the wind performs
an indispensable service to many plants. Flowers
which depend on its agency for the transport
fif tbeir pollen are termed anemophilous ; tliose

adapted to insects, entomopbilous. Wind-fertilized
blossoms are all of small size, obscurely coloured and, even
wljen clustered together in catkins, inconspicuous ; hence
they escape observation more readily than their entomo-
pbilous neighbours, which are adorned with bright colours
to allure visitors. Although anemophiloiid flowers do not
exhibit the variety of curious contrivances found in the
entomopbilous class, they yet present a number of highly
irjteresting characters and are well worthy of examination.
Wind-fertilization is uoiversal in the lower or gymno-
spermous division of flowering plants, of which we have
examples in the pine, larch, cedar, and other coniferous
trees. The apetalous dicotyledons or Incomplete form
another large group in whicli wind-fertilization prevails
extensively. In this sub-i-lass are included the various

^c^r^

J Uf, J.— Catkins of VViml-l'ertiU/.ed Fluwers. A, Willow;
B, Poplar. (Ditccious.)

species of dock, sorrel, nettle, pellitory of the wall, dog'a-

mercury, goosefoot, boxwood, hop, mulberry, elm and
catkin-bearing trees such as the oak, hazel, beech, poplar,

birch, alder, walnut and willow, all of which are wind-

fertilized. Anemophily is not so common in dicotyledons
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belonging to the other sub-classea ; it occurs, however, in

the ash, plantain, wormwood, mare's-tail and meadow-rue.
The number of wind-fertilized monocotyledons far exceeds
those adapted to insects, both as regards individuals and
species. The extensive order of grasses, the sedges, carices

and rushes, together with the arrowhead, arrowgrass,
bur-reed and bulrush, are all without exception auemo-
philous. It thus appears that wind-fertilization occurs iu

many different and widely separated families. Certain
negative characters are common to all the wind-fertilized

class ; no honey is secreted, no perfume emitted, and con-
spicuous colours are wanting. On flowers of this descrip-

tion it is difficult for a large insect like a bee to obtain a
footing ; there is no corolla that can serve as a landing-
stage for insects to alight. For these reasons anemophilous
blossoms are almost entirely neglected by bees and other
flower-haunting insects ; only in exceptional instances do
visitors have recourse to them in search of pollen, but this

is so dry and has so little cohesion that it must be difficult

indeed for a bee to collect an appreciable quantity of

anemophilous pollen. Wind-fertilized flowers thus offer

little or no attraction to insects, and are in no way adapted
to derive benefit from their visits. On the other hand,
there exist in them a number of provisions which
admirably adapt them for cross-fertilization through
atmospheric agency. The most important of these is

abundant pollen ; always more than in insect-fertilized

blossoms, the quantity produced by some plants of the
wind-fertilized class is enormous. The so-called showers

of sulphur, occasionally

reported in the news-

papers, are really great

deposits of pollen blown
from the male cones of

the Scotch fir. It has

been known to fall ou
ships at sea, and has

been swept up in bucket-

fuls from their decks.

The common ash dis-

charges an immense
quantity from its in-

numerable flowers, so much so that a person shaking a

branch when the tree is in bloom is dusted from head to

foot with the dry powdery pollen. That of the elm is also

very abundant, and this is more or less characteristic of

all plants which depend for cross-fertilization on the wind.

At certain seasons the air may be said to be literally

charged with the pollen of anemophilous plants. In the

Fig. 2.—Pollen Grainsof luseet- and
Wind-fertilized Floweiv. 1, Coltsfoot

;

2, Abutilon ; 3, Wulf's-bane. (Insect-

fei'tilized.) 4, Hazel ; 5, Ash ; (i,

Planfago ; 7, Grass ; 8, Pine. (Wind-
fertilized.)

FlC. 3.— i.'ule and Female Plants. Dog's-JIerenrv.

beginning of May I exposed on the window-sill for forty-

eight hours a microscopic slide smeared with syrup, and on

be found

number

,

examining it afterwards detected upwards of fifty pollen-

grains belonging to various trees, some of which are not to

be found within a radius of two miles. The efficiency of

the wind as a fertilizing agent is, therefore, much greater

than one might suppose.

The pollen grains of insect-fertilized flowers are fre-

quently, as in the harebell, coltsfoot and mallow, studded

over with little projecting points ; these cause them to

adhere readily to each other or to the hairs of an insect.

In other cases the pollen is viscid, and the granules are

diflicult to separate. This cohesive character obviously

renders them ill adapted for transference by means of the

wind ; accordingly the pollen of wind-fertilized plants is

excessively light and drj', the granules are smooth, they

do not stick together, and this incoherence facilitates their

wide dispersion. A special provision exists in the pine,

whereby its pollen is rendered lighter and more easily

wafted by the wind ; the extine or outer membrane of

each granule is inflated into two globular air- sacs, which
reduce its specific gravity so that it can keep longer afloat

in the air.

Although there are wind-fertilized species to

in bloom almost all the year round, a large

especially of trees, blossom early

in the season ; the hazel comes into

bloom in February, the elm, pop-

lar and willow following in March
or April. The little flowers of the

willow are already developed within

the bud at the beginning of winter
;

in spring they merely expand. It

is, therefore, probable that trees

of this class originally flowered

towards the end of the year, but
ultimately became so belated that

the opening of their flowers had
to be delayed over winter. During
the dry, windy days of spring, when
the farmer sows hi 5 seed-corn, the

flowers of our anemophilous trees

are in perfection. At this early period, when so few insects

are abroad, these unattractive blossoms are not likely to be
favoured with their visits.

A marked peculiarity of anemophilous trees is the

appearance of the flowers before the foliage ; the blossoms
of the elm, poplar, ash and willow, for example, are put

forth whfle as yet the branches are entirely leafless. This
arrangement is clearly advantageous ; the foliage would
protect the flowers from the wind, preventing it from
gaining access to the stigmas and interfering with the

removal of the pollen.

The fir does not shed its leaves in autumn as deciduous
trees do, but its needle-like foliage interferes as little as

possible in the way indicated ; nevertheless, the male and
female cones are developed ou the branches of the fir iu

the most exposed positions. A good illustration of the

manner in which wind-fertilized

plants secure the exposure

of their blossoms is seen in

the dog's-mercury {Mercuriulis

pcrenniii). This plant, com-
mon in most districts, has
rather large leaves ; they ex-

pand before the flowers, and
would be a great hindrance

to wind-fertilization were it

not that the little staminate flowers are elevated on long,

slender stalks which spring from the axils of the leaves and

entirely overtop the foliage. The male catkin of the oak

Fig. 4.—Inflorescence of

the Quaking Grass.

Fig. 5.—Unisexual Flowers
of Nettle.
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is an inflorescence of the same description, not erect, how-
ever, but pendulous, and so flexible that it swings freely

in the lightest breeze. After the flowering period, the

ground under the oak, pojilar, and other trees, is strewn

with their male catkins ; these are caducous, falling off

soon after they have shed their pollen ; the catkins of

female flowers are necessarily persistent, though a few may
occasionally be broken off by the violence of the wind.

In reeds and grasses the entire plant, being flexible, is

easily shaken by the wind, and the ripe pollen is readily

dislodged from the anthers : but where the stem is more
rigid either the flower-stalks are slender, or the stamens
have thin, thread-like filaments ; or the entire inflorescence

is mobile ; in any case provision is made in the structure of

the flower for the agitation of the anthers by the wind.

Slender flower stalks are seen in the dock and in the

quaking grass [BriaiJ. TJie ribwort plantain ( Plaiitmjo

linufoliitii I and a great many grasses have their anthers

borne on long, excessively thin stalks, so that they quiver

in the slightest breeze. Broad and leaf-shaped, the anther
itself in Plantago is clearly adapted, like the seed-vessels of

some crucifers, to be set in motion by the wind. On a

calm and warm day in summer the gentlest touch is

sufiicient to make many grasses, such as the foxtail, cock's-

foot or Timothy, emit a little

cloud of pollen. Some grasses

even appear to eject the pollen

with force either by the

explosion of the pollen-sacs

or by a sudden jerking of

the stamens. The nettle

and pellitory have each four

elastic stamens ; when the

flower opens, these are bent

inwards towards the centre

in a constrained position

;

later on, the tension is re-

moved and the liberated

stamens suddenly straighten

out, scattering their pollen

like little puffs of smoke. The object of this liliputian

artillery is to throw the pollen away quite clear of the
plant by which it was produced.

Petals in ordinary flowers are intended to secure the
attention of insects ; to wind-fertilized blossoms, having
no occasion for visitors, they are unnecessary. So far

from an advantage, the presence of a corolla would exclude
the wind from the essential organs. Accordingly petals

are either absent altogether, or reduced to rudimentary
proportions. The calyx is also much reduced, and in some
flowers is dispensed with entirely. Comparatively few ane-

mophilous flowers possess both sets of floral envelopes.

Plantago is, however, dichlamydeous, but its chaffy petals

afford incontrovertible evidence of de-

generation from the entomophilous
condition.

The stigma in the wind-fertilized class

is highly specialized, and much larger re-

latively to the other parts of the flower
than is the case with entomophilous blos-

soms. It is commonly penicillate, con-
sisting of a tuft of hairs as in the nettle ;

feathery, as in grasses ; or elongated and
threadhke,as in Plantago and the rushes.
The spirally twisted stigmas of the last-

mentioned flowers are beautiful objects

when examined with a pocket lens. The
larger the surface which the stigma pre-

sents to the wind, the greater are the chances of pol-

FiG. 6.—Aueiiiophilons Flowers
A, Oat; B, Ari'owgrass.

Fig. 7.—Dicbogamv
of the Ru-;li.

lination. Its fine fringes of papillose hairs are also well

calculated to entangle the pollen-grains, while the viscid

secretion serves to retain them when caught. This
adaptation may be seen in the common rye grass

;

each tiny blossom as it expands hangs out its two white,

feathery stigmas from the sides of the spikelet, reminding
one of a fisherman spreading out his nets, or a sailor his

studding sails to catch the favouring breeze. At the time

of fertilization the dock, too, thrusts out its three little

brush-like stigmas between the lobes of the perianth. It is

instructive to compare these wind-fertilized flowers of

Rumex with those of the nearly allied genus Polygonum,
which is entomophilous. The perianth of the latter is

rose-coloured ; the stigmas are included within it, never
exserted as in the dock—they are not at all brush-like or

feathery, but in the form of little knobs ; the stamens and
flower-stalks are rigid ; moreover, the various species of

Polygonum secrete nectar and are frequented by many
different insects. Stigmas are entirely absent in the

gymnospermous division, but in most Coniferae the ovule

at the time of flowering secretes a drop of fluid, and the

pollen-grains caught on it are, as the fluid gradually

evaporates, stranded on the nucleus of the ovule. The
ovule of the larch is provided with elongated papillse,

functionally equivalent to a stigma.

A flower is said to be hermaphrodite or monoolinous
when, as in the elm, both stamens and pistils are present

in the same blossom. With insect-fertilized flowers this

is mostly the case, though there are some exceptions,

such as the cucumber and begonia, which are unisexual

or diclinous, stamens and pistils being produced in separate

blossoms. The diclinous condition is exceedingly common
in the wind-fertilized class. The
staminate or male, and the pistil-

late or female flowers are some-
times found growing on the same
individual plant, which is then

termed montt-cious, as in the oak,

hazel, birch, pine, etc. The poplar,

willow, yew, juniper, nettle and
dog's-mercury, ou the other hand,

are dicpcious ; their staminate and
pistillate flowers grow on separate

plants. This separation of the

sexes renders self - fertilization

impossible, and secures whatever

benefit may arise from the physiological division of

labour. Anemophilous species in general show a marked
tendency in the direction of separation. Self-fertilization

may be prevented in monoclinous flowers by the stamens

and stigmas maturing at different times. This arrange-

ment, known as dichogamy, occurs both in insect- and

wind-fertilized blossoms, but while the former usually

have the stamens in advance of the stigmas, in the latter

the reverse order is much more frequent. There are thus

two kinds of dichogamy—piotandrous, where the stamens

are in advance ;
protogynous, if the pistils are first

developed. Protogyny is characteristic of wind-fertilized

flowers, and may easily be observed in the rush and

plantain. From the illustration it will be seen that, in

the first or female stage of the flower of the rush, the

thread-like stigma protrudes from the top of the still

unopened perianth, while the stamens, as yet immature,

are completely concealed. In the second stage the

pollinated stigmas have begun to shrivel, the perianth

has now spread out, disclosing the six stamens, which are

ready to discharge their pollen. The same two stages are

equally apparent in Plantago. All our readers must be

familiar with the black heads of this plant, which are to

;

Fig. 8. — Head
Plantago lanceolafa

two stages.
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Fig. 9.—Flower of Plautago

in two stages, showing
protogrny.

be seen on every pasture, bending and waving in the wind.

In the first stage the head appears black, but on looking

into it we see projecting from each little unopened floret

a white thread-like stigma. Later on, the lower part of

the spike or head is seen to be encircled by a wreath of

tiny white bodies, and closer inspection shows that these

are the stamens, four of which project like little banners

from each of the newly-opened florets. The protogynous

character belongs in the bur-reed to the plant itself, rather

than the individual flowers. Its pistillate flowers, which

are lowermost, expand first ; only when their stigmas have
withered do the male florets higher

up begin discharging their pollen.

In this case it is evident that the

flowers on any plant must be fer-

tilized with pollen from another in

a more advanced condition. A
social habit is highly characteristic

of wind-fertilized plants—pines,

grasses, sedges, nettles, etc.,

usually grow together in consider-

able numbers. Entomophilous
plants have a much more sporadic

character, and admit of a greater

degree of isolation ; their guests,

doubtless, maintain the necessary

communication between mem-
bers of the species. This social habit partly explains

the tendency towards the direcious condition, for a

complete separation of the sexes is hardly possible,

except in plants of social habit. From the Gymnosperms,
the oldest flowering plants, being all wind-

fertilized, it has been inferred that such

must also have been the case with the

primitive Angiosperms. It is not certain,

however, that any of their representatives

remain, for many of our existing wind-

fertilized flowers appear to be merely

degraded forms. Anemophilous species

occur in families, the rest of which are

highly specialized in relation to insects.

Some species of Plantago are adapted to

insects ; others, as we have seen, to the

wind. Most of the sub-class with incom-

plete flowers, from which so many of

our examples are taken, also exhibit

striking marks of degeneration, and the

same may be said of the grasses and

other anemophilous monocotyledons. We
also find some flowers in an intermediate condition, such

as the vine and certain willows, which secrete honey

and are visited by insects. Facts of this description are

held by some to show that all existing anemophilous

species, with the exception of the Gymnosperms, are

descended from bright-coloured, insect-fertilized ancestors.

Wind-fertilization has, in some instances, been rendered

highly eSicient, but in any case it is far from economical,

for the vast amount of pollen miscarried represents an

enormous loss to plants ; neither does this method admit

of the same certainty and precision as the other. A wind-

fertihzed bears to an iusect-fertilized blossom very much
the relation which an ;i?olian harp bears to a pianoforte.

Fig. 10.—Bur-
reed (monoecious

and protogynous.)

Diari/ of a Journey throui/h Mongolia and Tibet in

1891 and 1892. I'.y W. W. Rockhill. (Smithsonian
Institution, Washington.) The situation of Tibet, and

the care with which the Himalayan passes are guarded to

prevent the entrance of strangers, have combined to keep

the land in comparative seclusion. Mr. Fiockhill traversed

a considerable section of Tibet in 1888-8ii, and gave an
account of the journey in his valuable work on " The
Land of the Lamas." His second journey, during which
the diary forming this volume was kept, was made in

1891-92. He left Pekin in November, 1891, and traversed

Mongolia to Kumbum, afterwards passing to Tsaidam. A
difticult journey was then made from the Xaich Gol to the

Tengri Nor, but when about thirty or forty miles from the

latter, and less than a month's travel from British India,

which ]\lr. Kockhill hoped to reach, further progress

southward was arrested by the Tibetans, and he was
forced to turn his face eastward to China. He arrived at

Shanghai in October, 1892, after travelling about eight

thousand miles, and roughly surveying three thousand
four hundred miles. Numerous observations for time and
latitude, and for altitude, were made during the journey,

and observations of temperature, pressure, cloudiness,

wind, etc., were taken three times daily. An exceedingly

interesting collection of plants was obtained, and have
been identified by Mr. W. B. Hemsley. Numerous photo-

graphs were taken, some of which are reproduced in the

volume, and many objects of ethological interest were
brought back to enrich the collections in the United States

National Museum. The publication of the results of the

journey in the form of a diary is rather unsatisfactory,

but let the reader be charitable, for, as Mr. Eockhill

remarks, " dirt, cold, starvation and a thous.md minor
discomforts which beset the explorer in Mongolia and
Tibet, who lives and travels like the barbarous inhabitants

of those wild regions, are not conducive to sustained or

successful literary work, as he may find out for himself if

he will but try it."

The Time Machine. By H. G. Wells. (Heinemann.)
The average writer of novels rehes too often upon his

imagination for his scientific facts, and by so doing presents

his readers with descriptions of very unnatural phenomena.
Mr. Wells shows by this fantastic story that he is not as

other novelists are : he possesses a sound knowledge of

science, as well as a vivid fancy, and the ability to paint
word-pictures which mark him out at once as a master of
exegesis. By arguments comparable to those of -Tules

Verne in point of ingenuity, the reader is led to believe

that a machine was constructed to travel through time.

Upon such a machine the '• time traveller" journeys eight

hundred thousand years into the future, and finds that
society will then have diflerentiated into two classes, one
the Eloi, a listless, diminutive class, living in idleness

;

and the other, consisting of horrible ghoul-like creatures,

who had been compelled to work in darkness for so long
that they hated the light, and only came up to the earth's

surface from their underground dwellings during the night.

Like the ants which have been waited upon by slaves for

so long that they have lost the power of assisting them-
selves, the Eloi were helpless and thoughtless children who
spent their lives in indolent pleasure. This differentiation

of our race, based as it is upon the present state of
things, and worked out upon the principles of heredity, is

weird and strange to read about. Never before have the
future consequences of cosmical, biological, and social evolu-

tion been described in fiction so powerfully, or with greater
regard to what is known at the present time. Mr. Wells
has the scientific knowledge of Jules Verne (and more so,

perhaps, in biological matters), the wonderful imaginative
power of Poe, and a style akin to that of Stevenson. His
story of the " time-traveller's " adventures right up to the
epoch when the planets begin to fall into the sim, and
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after man has become extinct on an earth at a much less

distance from the sun than now, does not lose interest

from the beginning to the end.

A Chapter on Birds. By K. Bowdler Sharpe, LL.D.,
F.L.S., etc. (S. P. C. K.) This elegant, and at the same
time most useful, little book certainly deserves a more
elaborate title. It is indeed a series of short essays,

written in a lucid and pleasantly popular style, on eighteen

species of birds, which visit these islands on but very rare

occasions. Dr. Bharpe is well known as an authority and
writer on birds, and he has been ably assisted in the

present work by Mr. Keulemans, who has depicted, in a

aeries of beautifully coloured plates, each species about
which the author writes. " A Chapter on Birds " un-

doubtedly fills a want in ornithological literature, for

we have here collected from large and expensive works,

which few possess, a great deal of interesting information

about the habits and life-history of birds, in which
every ornithologist must take the greatest interest, even
if it is only the lucky few who cast eyes on them in

this country. It is a significant fact that almost every

one of the birds mentioned in this book is richly-

coloured and beautiful. Why is it then, that these lovely

birds do not increase in this country, and thus enrich and
add brightness to our more or less dully-coloured avifauna '?

The reason is obvious. Any one of these birds, in common
with the kingfisher and a few other gorgeous species still

left to us, forms an attractive and conspicuous prize, not so

much to the genuine and scientific collector, but to the

man who loves to have a " pretty thing in a glass case," as

Mr. Hudson so drastically puts it in " Lost British Birds,"

wherewith to adorn his hall. For this reason the golden

oriole, " which," as Dr. Sharpe says, " might be a regular

summer resident, has to be classed among our rare

visitors." The beautiful bee-eater, too, "might possibly

nest in England, as it has been observed in the British

Islands on upwards of thirty occasions." As the nesting

habits of this bird are so little known to the English
naturalist, it may be worth while to give here what Dr.

Sharpe has to say about them. " Like their relations, the

kingfishers," he writes, "the bee-eaters adopt the method of

burrowing out a tunnel in a friable sandbank In
the nest-chamber, at the end of the long tunnel, the eggs are

laid on the bare soil ; while gradually there accumulates a

foitid mass of fish-bones and pallets in the case of the

kingfishers, and in that of the bee-eaters a conglomeration
of wing-cases of beetles and the indigestible portions of the

bees and wasps on which the birds feed."

The book is teeming with interesting facts, and should
be added to every bird-lover's hbrary, as an inexpensive

but thoroughly reliable work.

Chemical Analysis of Oils, Fats, Waxes, and of the

Commercial Products derived tlierefrom. From the German
of Prof. K. Benedikt, revised and enlarged by Dr.
J. Lewkowitsch, F.I.C., F.C.S. (Macmillan.) The
German edition of this book is the best work on the
chemical analysis of oils, fats, and waxes. Hitherto, no
English work specially devoted to this branch of technical

chemistry has been published, so the volume for which
Dr. Lewkowitsch is responsible will be welcome. The
opening chapters of the work deal with the constituents

and the physical and chemical properties of fats and
waxes, and with general methods of analysis. After-

wards follow full descriptions of all the natural fats

and waxes, with methods of examining these substances
and detecting adulteration, and an important section

upon the technical and commercial analysis of the raw
material and products of the fat and oil industries.

In translating Prof. Benedikt's work, Dr. Lewkowitsch has

omitted many of the tiresome details, and has introduced
a large number of valuable additions, especially in the latter

half of the work. As with most German text-books,

little attention was given to the work of English and
American chemists in the original. This defect, however,
is now remedied, and every important observation made
up to the time of going to press has been included. Ana-
lytical and technical chemists will not be slow in adding
the work to their reference libraries, and the teacher of

chemistry will find the volume a useful aid to the study of

technical organic analysis.

First Prineijdes of C/iemistri/. By Prof. Samuel Cooke,
M.A.,etc. Pp.260.' Sixth Edition. (George Bell & Sons.)

First Principles of Astronomy. Pp. 88. Fifth Edition.

(Same author and publishers.) There is nothing to dis-

tinguish either of these books from the many others of

their kind. The books appear to be intended for students

at the College of Science, Poona, of which Mr. Cooke is

principal and professor of chemistry and geology. The
illustrations are few, and what there are of them are

coarse, and the text is behind the times. Lord Kelvin
is named Sir William Thom//son, and Prof. Lockyer is

described as Sir Norman Lockyer. It seems almost a pity

that Prof. Cooke did not limit the circulation of his books
to the students of the Poona College of Science, for they
will certainly not improve the science instruction in our
schools and colleges.
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Sciena Notes.

A propos of Dr. J. G. McPherson's article in last

month's Knowledge on an effectual cure for snake

poisoning, some very interesting facts are furnished by an

Australian correspondent about snake bites during the last

three months of 1894 and the first three of the present

year. Of thirty attacks reported, eight proved fatal ; but,

strange to say, not a single death was caused by the bite

of the most venomous of all the New South Wales colony

(to which the facts are confined), namely, the black

snake. Some of the details are instructive. March
appears to be the most fatal month. All sorts of

remedies were applied, and in two instances remedial

treatment was actually declined, with the repult that

the one person died and the other recovered in a few

days. If we had to hand all the facts of these two cases,

it would probably be found that the different results were

due to the relative quantity of the poison injected, or to

the relative constitutional strength of the victims. For
example, the poison of our common viper [VipirK //cn<s) is

undoubtedly deadly to small animals, rodents, birds, and
even dogs of comparatively large size. There have been,

from time to time, reports of fatal cases of adder bites of

pigs, sheep, horses, cattle, and even human beings ; but,

as far as we know, in no case within the last quarter of a

century have the " facts " been authenticated.

The Public Health Section of the British Medical

Association, in its recent Congress, gave considerable

attention to the subject of water filters, which has recently

been much discussed in medical and scientific papers, as

well as in the daily press. In the presidential address, on
July 31st, it was pointed out that one of the gravest

reproaches against official sanitary administration was
that it was only just beginning to realize the protection

which could be obtained against cholera, typhoid fever,

and similar diseases, by the adoption of the Pasteur system

of filtration, which had in France for many years suc-

ceeded in stamping out such diseases wherever it had been

applied.

The Chronide has been much agitated over the delama.uu
of the far-famed Falls of Foyer by the British Aluminium
Company, and all lovers of the beautiful in nature must
feel an intense antipathy to anything that may convert,

say, a I'hirlmere into a Manchester reservoir. Dr. Common,
F.R.S., the chairman of the Aluminium Company, assures

us, however, that so far as the intrinsic beauties of these

lovely falls are concerned, their utilization for the production

of electricity shall be in no way damaging. The company
have an unlimited supply of the mineral bauxite in their

Irish workings ; and at Larne the preliminary process of

obtaining from this mineral pure alumina will be carried

out, whilst the final electrolytic process for obtaining

aluminium is to be eflected by means of the electricity

generated by the Falls of Foyer. The company by these

means will he able to produce aluminium at about t'4 a

ton instead of £20 a ton. There can be no doubt that

aluminium at this price will effect a revolution in many
'ndustries, and alter our conceptions as to the velocity of

locomotives, steamers and velocipedes.

America is not behind the rest of the universe in

showering good things on the heads of Profs. Lord
Eayleigh and Eamsay. Characteristically it comes in

the form of the almighty dollar. Each have received

five thousand dollars from the Smithsonian Institution in

recognition of their discovery of argon.

Messrs. Chapman \- Hall have been constituted sole

agents in this country, the Continent, and the Colonies, for

the sale of the important scientific and technological

publications of Messrs. Wiley and Sons, the well-known

scientific publishers, of New York.

3Lctttrs.
«

[The Editor docs not hold himself responsible for the opiuious or

statements of correspondents.]
>

THE EFFECT OF LiaHTNING ON BEECH TREES.

To the Editor of Knowledge.

Sir,—Referring to the short article on " The Effects of

Lightning on Trees," in the July number of Kxov\'ledge,

I venture to ask if you can supply me with any well-

authenticated cases of hen-h trees being struck. It would
seem that both Kauschinger and Hellman believe that

there are such ; but, in over fifty years of careful noting of

the effects of lightning, I have never known—nor have I

ever heard of any such—except once, an ill-authenticated

report of one in Norway.
Inverarity, Forfar, N.B. (Eev.) P.\t. Stevenson.

[Negative evidence m a matter of this kind is of no
scientific value whatever. I have examined hundreds
of beech trees "struck'' by lightning, and invariably the

efl'ect has been as described in my " Notes ' in the July

number of Knowlkikje. But to go beyond my own
personal experience, permit me to quote a passage from an
article which appeared in the columns of ^Vomh and Forests

(now dead), for March r,th, 1884, pp. 199-200, by Mr. John
W. Crompton, of Rivingtou, Lancashire.

" I have frequently seen it stated that beeches are not
liable to be struck by lightning. I do not find it so here

;

my beeches have sufiered more than any other trees, oaks

not excepted. The circumstance that these beeches are

taller than many of the surrounding trees may have
something to do with it."

Very likely, and there is no doubt at all that the water-

conducting power of beech leaves, branches, and trunks,

also the peculiar formation of the branches as contrasted

with the square set liranches of the oaks, are the cause of

less damage generally being seen at the time. Since I

wrote my ' Notes ' for Knowledge, I have had an oppor-

tunity ot reading a very admirable work on the " Protection

of Woodlands," by Mr. John Nisbet, of the Indian Forest
Service (Edinburgh : David Douglas), which might be
studied with advantage by your correspondent. Some
interesting observations on the same subject will also be
found in " Diseases of Trees" by Prof. Hartig, of the

Munich University, an Imglish edition of which (MacmiUan
and Co.) has also appeared since I wrote my " Notes." I

am glad to say that these high authorities bear out the

theory I advanced in my capacity of a humble field

naturalist and observer.—G. W. Mubdooh.]

COLOURS of' 'butterflies.

To the Editor of Knowledge.

Sir,—I have read the answers of Dr. Marshall and Mr.
Johnson to my (Queries in your July number, but am as far

as ever from enlightenment on the subject of "protective"

colouring.

Mr. Johnson says—" The fact that some insects are

protected while many others are not, is because those

othei-s do not need protection." What constitutes the

dift'erence between the two classes he does not say. Ho
merely says " This is obviously a truism." I fail to see

the truth in this " truism." He is bound to be more
explicit. Mr. Wallace, as I formerly pointed out, expresses
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his wonder that more have not been protected. He
evidently does not consider their protection unnecessary.

Mr. Johnson still speaks of " natural selection
"

as "an active agent which adapts," and as "alto-

gether an environmental
force." Now I must again
deny, as has been repeat-

edly done by much more
competent authorities, that

any such characters can be

ascribed to it. There can be

no agency, no force in mere
selection. He, and other evo-

lutionists are only deluding

themselves by their improper
conception, and use of a

term which cannot, in any
circumstances, imply what
they attribute to it.

Mr. .Johnson says that
" all modern writers have
employed the term ' mimicry ' iu a metaphorical sense."

I am not aware that any scientific men employ metaphor
when enunciating truth. Certainly neither Darwin nor
Wallace so uses it.

Dr. Marshall now explains that by mimicry is meant
"an accidental resemblance which is increased by heredi-

tary transmission "
; but how can hereditary transmission

incrmse resemblance, the resemblance not proceeding from
any cause which might accompany the transmission ? And
will accidental resemblances be transmissible at all ? My
experience is that they are not continued in future

generations.

Dr. Marshall answers my query " ^^'hat has all this to

do with origin of species 1 " by referring me simpliritcr to

Mr. Darwin's book on the subject. Now it so happens
that I have lately had occasion to study carefully both
Darwin's and Wallaca's books on the colouring of animals,

and I have not found a single sentence in either which
seeks to connect the interesting natural facts which they

relate with the subject of their discussion, viz.. Origin of

Species. Dr. Marshall must be more explicit.

I have still another difficulty to place before him for

solution. In his article in your .June issue, he said that

the butterflies referred to were protected when perched, but

butterflies are not always perched. My observation of

them leads me to believe that they spend the greater part

of their brief butterfly existence in fluttering happily from
flower to flower in the sunny summer air. When thus

engaged, the white uader-wing can, of course, be no pro-

tection, but rather the reverse, while the brilliant upper-

wing must present a very conspicuous object to their

enemies the birds, and it is thus, as I have repeatedly

seen, that the poor butterfly is caught and killed. How
comes it, may I ask Dr. Marshall, that natural selection

has provided no protection for the butterflies when most
exposed to danger, while supplying it when they are com-
paratively safe ? This is surely very inconsistent and
inconsiderate in his friend, and I think requires further

elucidation. Wm. Miller.
Broughty Ferry, 1st August, 1895.

*^ *

OPTICAL PHEJfOMENON.

Dear Sir,—I enclose a sketch of the optical phenomenon
observed at Juvisy on September 12tli, 1894, 5h. 45m.,

Paris mean time, which may be described as follows :

—

The sun was nearly setting, when, all of a sudden,

two very narrow lines, liice telegraph wires, but nhite,

originating from a point of the western horizon near

the sun, rose in gentle curve towards the east,

attaining on the south their maximum height (20^) above
the horizon.

Tlie lines were probably parallel, but owing

(apparently) to perspective, their distance, which was
over the south some 1' apart, was only half that amount
in the vicinity of the sim.

The apparition lasted more than half an hour, having
gradually faded away at (ih. 22m.

M. Flammarion, who happened to be present, observed
also this remarkable phenomenon.

E. M. Antoniadi.

SATELLITE EVOLUTION.
By Miss A. M. Clerke, Authoress of " The System of the

Stars " anil " A Popular History of Astronomy during the

Nineteenth Century " <(€., dc.

THE decease of decrepit hypotheses is characteristic

of a time of progress, and those dealing with the
origin of things are apt to be particularly short-

lived. For Nature is, beyond estimation, manifold
in its workings. The unravelment of one alone

often overtaxes oar powers ; how much more the simul-
taneous interaction of many ! Thus our knowledge is

necessarily made up of partial truths, and partial truths
are on occasions indistinguishable from crass falsehoods.

Nor is it easy to be wise even after the event. We see

that certain things have come to pass, but the " how "

evades us. The embodied idea can be apprehended, while
the method of its realization remains obscure.

It was with the light-hearted intrepidity commonly
associated with imperfect information that Laplace attacked
the problem of the growth of the solar system. He was
suspiciously successful. In a simple " Note,'' he described
a process adequate to the purpose, not merely in his own
judgment, but in that of the whole contemporary learned
world. His speculation remained unchallenged for half-

a-century. Subversive facts indeed accumulated
; yet

it was long before they were thought worth the trouble

of explaining away. When at last the task was attempted,
it was found to be impossible. The French geometrician's

neat and complete theory collapsed. That the sun, the
planets, and their satellites were somehow derived from a
primitive rotating nebula could scarcely indeed be contro-

verted, but the modii,': operandi continued obscure.

One agency of surprising effectiveness, although com-
pletely ignored by Laplace, was undoubtedly concerned.
In his " Naturgeschichte " (1755), Kant threw out the
idea that the moon's rotation was slowed down into

correspondence with its rate of revolution by the
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frictional resistance of antique tides raised by the
earth in its then viscous mass. And if anything can
be confidently asserted regarding cosmical pre-history, it is

that this arrow hit the mark. But its flight remained
almost unnoticed. More than a century elapsed before
tidal friction was invoked as a fZo/.s- e.c macln'na for

bringing to an orderly issue the difficulties and con-
tradictions of lunar theory. This important step was
taken by Delaunay. The outstanding acceleration of the
moon detected by Adams might, he asserted, prove to be
wholly fictitious—the result of a change in our standard of

time. Indeed, it seemed obvious that, as the moon had
yielded up great part of her axial movement to the earth-
raised tides of the past, so the earth must, century by
century, undergo a similar retardation through the action
of the moon-raised tides of the present. If so, our great
world-clock is slowly losing—so slowly that the day
lengthens in a thousand centuries by no more than a single

second. This simple postulate, however, carries with
it a crowd of intricate consequences, inclining the
balance alternately this way and that, and rendering
it doubtful what the resultant effect of its adoption
would be. Moreover, it has ceased to be either avail-

able or necessary. Prof. Newcomb has shown that
the excess of lunar orbital acceleration, beyond what is

demonstrably due to the diminishing eccentricity of the
earth's orbit, is so small that it may, for the present, be
left to take care of itself; while il. Tisserand concludes
the earth's axial retardation to be of insensible amount.
Were it the fact that the big pendulum serving to measure
our time-intervals was swinging, so to speak, in an
imperfect vacuum, the consequences should be universally
apparent in the progressive shortening of every celestial

cycle, and in the occurrence, in advance of its proper
moment, of every celestial phenomenon. M. Tisserand
has taken as a test the series of observed transits of Mercury,
and he finds no hurry in their succession. Indeed, it is

highly probable that the alteration in this respect, which
unquestionably took place during some remote age, was in
the main completed before the beginning of geological time.
Now, to all intents and purposes, the earth " paces even,"
whirhng with soft persistency on its tilted axis.

In the course of these discussions, tidal friction had
definitively established its claim to be reckoned with as an
evolutionary power of the first order, but as a power
acting mainly during the infancy of systems ; solid bodies
being almost exempt from its influence. Prof. Darwin's
treatment of the subject in 1879-81 was a memorable
contribution to what may be called genetic astronomy.
By strict mathematical reasoning, he traced in the
gradually altered relations of the earth and moon, not
only the direct effects of tidal friction in checking rotative

velocity, but its indirect or reactive effects in producing
change of configuration. It appears at first sight far from
an "easy thing to understand," that tides raised by one
body upon another were the means of pushing them
gradually further apart ; but the mechanical principle

involved is really a very simple one. By the clue of
Prof. Darwm's able analysis, the moon was traced
back, during the lapse of a hundred milUons of years,

more or less, to a position close to the earth's surface. An
immense tidal wave, produced by its difl'erential attraction,

was then kept by the earth's swift spinning somewhat
ahead of the satellite, which it accordingly pulled forward
in a constantly widening orbit, while serving as a drag
upon its primary's axial movement. The rotational
momentum, in fact, taken from the earth was (with some
loss through the dissipation of heat) added to the orbital

momentum of the moon. And the process is nominally

still going on, although modern tides are insignificant

compared with those of bygone ages.

This research, fortified by a later publication from the

same source, left no rational doubt that the birth of the

moon was by the protozoan method of " fission" ; so that

the most authentic conclusion yet reached as to the origin

of a heavenly body is in direct contradiction with the

plausible surmise of Laplace. Dr. See, of Chicago, has
still more recently exhibited a large class of bmary stars

as manifest products of disruption, of which the subsequent

mutual relations have been dominated by tidal friction.

This mode of influence acted by comparison feebly (as he
infers) in the solar system, owing to the overwhelming
superiority of the sun over the planets. They can never

have raised any tides worth mentioning upon his surface,

and must hence have originated not very far from their

present places. But the sun raised tides upon them
which did not fail to reduce their primitive rates of

rotation. In the case of Mercury, the minimum was
probably long ago attained ; the grinding-down power
has done its utmost by establishing a coincidence between
the times of rotation and revolution.

Tidal friction is most effective upon approximately equal

masses, and it is because the earth and moon make the

nearest approach to a binary combination found within the

solar domain, that it has been more strongly exerted upon
them than upon any other known subordinate system.

Eelatively to its primary, the moon is by far the largest

satellite of our acquaintance. True, the terrestrial mass
is eighty-two times greater ; but the disparity between
•lupiter and his third (and most considerable) moon is of

eleven thousand to one, and four thousand six hundred
Titans would be needed to make up Saturn. Particular

mquiries into the tidal influences affecting systems so

unequally composed thus seemed hardly worth the pains

they must have cost. Mr. James Nolan, of Victoria,*

however, who has devoted long and not unprofitable

attention to this abstruse subject, now alleges arguments
to prove that the moulding and modifying, by tidal

reactions, of Jovian and Saturnian systemic arrange-

ments, is stiU quite sensibly progressing. Jupiter's first

satellite, for instance, retreats according to his calculation,

two hundred and twenty-one times more rapidly from
his centre than the moon does, in these modern times, from
that of the earth. Its withdrawal is not indeed measured
on a linear scale, but by the proportionate increment of

momentum supplied by it. As Mr. Xolan explains, " the

relative effect of tidal friction on a satellite is inversely as the

sixth power of the distance multiplied by the square root

of the distance." Obviously somewhat complex relations

are in question, and Mr. Nolan determinedly refrains,

in developing them, from sullying his pages with a single

algebraic symbol. He has succeeded better than could

have been expected, since, with close attention, it is possible

to keep abreast of his demonstrations. But the effort to do
so might perhaps have aft'ected Laplace himself with a

megrim ; and one can fancy how he would have abandoned
it, and with his grave " Posmtt:," etc., proceeded to set on
foot his familiar analytical apparatus, putting into his

formula' what he chose, and getting out of them what he
wanted. It should be added that Mr. Nolan, a competent
mathematician, seeks in following the arduous way of

elementary exposition, not his own, but the convenience
of his readers.

From the evidence furnished by tidal researches alone,

Mr. Nolan concludes the systems of the major planets to be
in a backward stage of development. As regards move-

* " Satellite Evolution." Jfelbourne, Sydney, etc., 1895 (George
Robertson & Co.).
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ment, at any rate, they are still plastic. Their ultimate

configurations belong to the future. Even Jupiter's tiny

" fifth satellite " is forging its way outward under compul-

sion of the perennial ripple due to its difiereutial attraction

on the huge globe it circuits ; although at so tardy a rate,

that our author inclines to connect its interior position with

its small mass. The feebleness of its tide-raising power
obliged it to remain behind its companions, and indirectly

occasioned the notable eccentricity of its orbit by subjecting

it at close quarters to Jovian tidal friction. There is no
sign of its l)eing more juvenile than the Galilean quartet.

The recession of a satellite from its primary implies,

as has been said, a transference of momentum. It implies

also, as a condition precedent to its occurrence, a period

of rotation for the primary shorter than the period of

revolution of the satellite. Should this relation be inverted,

the direction of the transference of momentum will also be

inverted. The attendant body will move along gradually

narrowing spires ; while, under the inverted influence of a

lay;ii)i<i tide-wave, the rotation of the dominant body will

be correspondingly accelerated. A destructive collision

must be the normal result. The inner satellite of Mars is

indeed thus circumstanced, yet may continue to subsist

during incalculable ages. But, in the first place, it is of

negligeable mass ; the height of the tidal wave raised by
it under the most favourable circumstances should be

measured by millimetres. In the second. Mars is probably

in no state to yield a sensible tide, even under a far greater

stress than Phobos is capable of producing.

We can now easily see that the history of satellites must,

in general, be a blank beyond that "critical" past epoch
when they revolved synchronously with their primaries'

rotation. For, if they fell behind by a hair's breadth,

their doom was sealed ; they were eventually swallowed up.

Of these abortive satellites, Phobos alone, owing to his

puny stature, escaped destruction.

The circumstances under which that critical epoch
occurred give the only available clue to the modes of

satelhte-production. The comparatively large size of our
moon, and the great power of the friction -bralie applied

by it to terrestrial rotation, are convincing proofs that the

antique earth spun vastly quicker than the modern earth

—

its speed being such that the moon, when it swung round
at the same rate, must have travelled in an orbit scarcely

more than eight thousand miles across. Hence the
inference that the pair of globes flew asunder when nearly
of their actual density.

But their case is exceptional. Jupiter and Saturn can
have surrendered but little of their rotational momentum
through tidal friction, although that little constituted a
considerable addition to the orbital momentum of their

comparatively insignificant satellites. Hence none of those
satellites can, even at the very beginning of their separate
existence, have approached within less than sixty to eighty
thousand miles of the actual planetary surfaces. Their
origin thus remains cloudy. Mr. Nolan is persuaded that
they sprang from primeval formations on the model of
Saturn's rings. Yet it appears gratuitous to postulate the
former existence of sets of appendages no traces of which
have survived. Uranus and Neptune especially, since they
have e\-idently made less progress in development than
Saturn, would surely have kept, if they ever possessed
such formations. Nature rejects our ideas of imiformity.
Creative power has many resources, and the lesson of
variety is enforced by the contrast between the biographies
of the moon and her compeers. The moon is unique in the
solar system—unique in her oi-igm, unique (not improbably)
in her solitary condition. The two peculiarities are
certainly not unconnected.

PHOTOGRAPHS OF ELLIPTICAL' AND SPIRAL
NEBULAE.

By IsAic EoBEKTs, D.Sc, F.R.S.

SPIRAL NEBULA M. 74 PISCIUM.
R.A. lb. 31m. 19s., Decl. North 15° 16'.

Scale, 1 millimetre to 12 seconds of arc.

THE photograph was taken with the 20-inch reflector

on December 9th, 1893, between sidereal time

Ih. 7m. and 5h. 21m., with an exposure of the

plate during three hours and forty minutes.

References.

N. G. C. No. 62S, G. C. No. 372, h 142.

Sir J. Herschel (G. C. 372, p. 52) states, as the result of

eleven observations, that it is a globular cluster, faint, very

large, round, pretty suddenly much brighter in the middle,

partially resolved.

Lord Rosse {Phil. Trans. 1861, p. 711) designates it as

a spiral nebula with the centre formed of stars, and several

stars visible through the nebula. A marginal sketch is

given which shows the spiral form, and in the Obsen-ations

of Xi'hula iind Clusters of Stars, p. 21, another marginal

sketch is given which shows a nucleus and five stars

involved in the spirals.

The photograph shows the nebula to be a very perfect

spiral with a central, nebulous, stellar nucleus and a 15th

magnitude star close to it on the south side. The convo-

lutions of the spiral are studded with many stars and
star-like condensations, and on the north pn'Cidiwj side

there is a partial inversion of one of the convolutions

which is suggestive of some irregular disturbing cause

having interfered with the regular formation of a part of

that convolution.

ELLIPTICAL NEBULA Ijl . I. 84 COM^
BERENICIS.

R.A. 12h. 45m. 333., Decl. North 26° 3'.

Scale, 1 millimetre to 12 seconds of arc.

The photograph was taken with the 20-inch reflector

on May 7th, 1894, between sidereal time 12h. 31m. and
14h. Im., with an exposure of the plate during ninety

minutes.
References.

N. G. C. No. 4725. G. C. No. 3249, h 1451.

Sir J. Herschel {G. C. 3249) describes the nebula as

very bright, very large, extended, very gradually then very

suddenly very much brighter in the middle, with an
extremely bright nucleus.

Lord Rosse (Obs. of Xeli. and CI. of Stars, p. 121) records

six observations of the nebula made between 1850 and

1867, and describes it as another spiral with two arms
and some stars in the foUowbvi arm ; very large and very

bright. The centre itself is like an elongated nebula with

a nucleus, and enveloped in an irregular ring or rings of

nebulous light. He gives a rough marginal sketch of it.

The photograph shows the nebula to be a symmetrical

ellipse, and not a spiral, with the major axis in narth

foUoirhhi to Sdiith precedinij direction, and the nucleus to

be a nebulous star of about the 12th magnitude. Both

the star and the nebulosity surrounding it have well-

defined margins, the nebulosity having a ring-lilie

boundary. Surrounding the nucleus, at a great distance,

is a well-defined ring, but deformed on the nurth fnUoiriny

side, and in the ring are involved several star-hke con-

densations of nebulosity. Outside this ring is another

faint ring, symmetrical with it, and also discontinuous,

like the first, on the north follou-inij side ; and there is in

it some evidence of the existence of another very faint

ring outside this. In the divisions between the rings are
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five well-defined stars of loth to IGth magnitude, that

may or not be physically connected with the nebula.

ELLIPTICAL NEBULA M. G5 LEONIS.
E. A. llh. Ibm. 423., Decl. North 13° 38'.

Scale, 1 millimetre to 12 seconds of arc.

The photograph was taken with the 20- inch reitector on

February 28fch, 1894, between sidereal time Sh. 19m. and
12h. 2m., with an exposure of the plate during three hours

and forty minutes.
References. '

N. G. C. No. 3623, G. C. No. 2373, h 8.54.

Sir -T. Herschel {G. C. 2373) describes the nebula as

bright, very large, much extended in the direction l(i.5 ±,
gradually brighter in the middle, with a bright nucleus

;

eight observations were made. In the F/iil. 'J'lans. for

1833, PI. XIV., Fig. 53, he gives a drawing, but it does

not compare well with the photograph.

Lord Eosse {P/til. Tram. 1850, PI. XXXVII., Fig. 7)

gives a drawing of the nebula, and on p. 512 states that it

is resolvable, a spiral or an annular arrangement about it,

no other portion of the nebula resolved; and in the ohs.

of Xt'l). and CI. of Stars, p. 95, he gives the results of eight

observations made between the years 1849 and 1861, and
states that he suspected seeing at times dark spaces on
either side of the nucleus, and some mottling and stars

sparkling in it. He also saw a star close fotl'winij the

nucleus, but did not see the curious rmg which he says

Sir .J. Herschel saw.

Lassell [Uem. U. A. S., Vol. XXXV., p. 43, and PI. III.,

Fig. 15) describes the nebula as faint, irregular, formless,

and suspected that he saw some stars in it. The drawing
does not resemble the photograph.

The photograph shows the nebula to be a symmetrical

ellipse with a well-defined stellar nucleus surrounded by

dense nebulosity, in the midst of which is a spiral ring filled

with nebulosity ; and this, together with the nuclear

condensations, is surrounded by two elliptical rings of

nebulosity, separated by a dark space. Five star-like

condensations of nebulosity are involved in the rings, and
one bright star is in the dark space between them, on the

south foUon-inij side of the nucleus. The nebula as a whole
is more perfectly symmetrical than the Great Nebula in

Andromeda, of which class it is clearly a type ; but I have
not before seen on any of my photographs a spiral with a

stellar nucleus, involved in the dense central nebulosity.

SPIRAL NEBULA M. 66 LEONIS.

E.A. llh. 15m. Is., DecL North 13° 32'.

Scale, 1 millimetre to 12 seconds of arc.

The photograph was taken with the 20-inch reflector on

February 28th, 1894, between sidereal time 8h. 10m. and

12h. 2m., with an exposure of the plate during three hours

and forty minutes.

Eeferences.

N. G. C. No. 3627, G. C. No. 2377, h 857= 875.

Sir J. Herschel {G.C. 2377) describes the nebula as

bright, very large, much extended in the direction 150^,

much brighter in the middle, two stars w. p. ; nine observa-

tions made. In the Phil. Trans. 1833, PI. XIV. Fig. 54,

a drawing of it is given which, in outline, resembles the

photograph, but the extension is in the direction of about

180°.

Lord Eosse {Obs. of Neb. and CI. of Stars, p. 95) describes

it as a spiral, well resolved about the nucleus, but in no
other part, two stars involved in it, with others and knots

of nebulosity suspected ; could not resolve the nucleus. A
marginal sketch is given and a drawing in the Phil. Trans.

1861, PI. XXVII., Fig. 16, where some spirals are shown,

but the resemblance to the photograph is not evident.

Eleven observations were made between the years 1848

and 1857.

The photograph shows the nebula to be an imperfect

spiral with a well-defined stellar nucleus which forms the

pole of the convolutions, involved in which I counted four-

teen nebulous star-like condensations. We see in this

nebula much that is suggestive of a transition state into

the more perfect form of spiral.

It should be understood that my remarks concerning the

four nebula? which have been referred to are based upon
the examination of the original photo-negatives, and that

many faint details are visible upon them which cannot be

fully reproduced upon the paper prints.

Note.—Eeferring to the area of the sky represented by the

photograph containing the Cluster and Nebula in Aniils,

in the last number of Knowledge, it should be between

R.A. 7h. 34m. 403. and R.A. 7h. 39m. 403. ; DecL,

between 13° 46' and 15° 21' South, instead of the

co-ordinates giveu in the letterpress.

BLIND CAVE-ANIMALS.
By R. Lydekker, B.A.Cantab., F.E.S.

I

READ the other day, in an American scientific

journal, how that a labourer, while digging a well

in Orange County, at a depth of about thirty feet

below the surface, struck a subterranean rivulet, and

that with the water from the same were brought up

to the daylight several blind and colourless crayfish, which

proved to belong to an unknown type. This led me to

think that the readers of Knowledge might be interested

to learn something regarding the large assemblage of blind

animals of various kinds which inhabit caves and sub-

terranean waters in different parts of the world.

True cave-animals, that is, those which are blind and
more or less completely colourless, and spend their whole

time in utter darkness, must be sharply distinguished from

creatures like bats and owls, which take advantage of

such situations as a temporary shelter, from which they

issue forth at night to the outer world. And as most of

these are more or less closely allied to animals which

enjoy the full light of day, one of the first things that

strikes one is why they have given up the joys of an

ordinary existence, to pass, what appears to us to be, a

miserable life in total darkness. "Whatever be the true

explanation of this, it is of course easy to understand why
they should have lost their eyes, and also the coloration

characteristic of their outer-world relatives.

A curious parallel exists between the inhabitants of

caves and those creatures dwelling in the dark abysses of

the ocean depths ; both living in situations entirely cut

ofi' from the smallest trace of daylight, and both being

descended from animals living either in air or water under

the ordinary conditions. In one point, however, a remark-

able difference exists between the two. Cave-animals,

as already said, are content to crawl or swim in Cimmerian
darkness, whereas the finny and other denizens of the

depths of the ocean possess organs giving forth a brilliant

phosphorescent light, and likewise other organs by which

they can perceive such light, and are thus able to see and
capture their prey with ease. In the absence of such

artificial light and special modes of vision, cave-animals

are of course compelled to rely solely on their organs of

touch, hearing, and perhaps of smell ; and, to our thinking

at least, their life must be far more dreary and devoid of
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pleasure than is that of the inhabitants of the deep sea.

Possibly, however, there may be other compensating

advantages unknown to us ; and, in any case, they lead a

life of peace unmolested by the various carnivorous tyrants

of the outer world. It is, however, very noteworthy that

there is one blind fish inhabiting the ocean at great depths,

and that a member of the same family is also found in the

caves of Cuba ; and this instance seems to indicate that

certain families of fishes are better suited than others for

taking to a subterranean existence.

Caves or subterranean channels containing the typical

blind fauna are met with in many parts, apparently in-

variably in limestone rocks, and mostly in those belonging

to the Carboniferous epoch ; the latter, from their massive-

ness, being especially adapted for the formation of such

chambers by the action of water. Needless to say, the

formation of a cavern of any size in solid limestone rock

is a process involving an enormous length of time for it^

accomplishment, and it is therefore essential that the rock

should be of very considerable geological age. Indeed, it is

believed that the formation of the celebrated Mammoth
cave was commenced at a comparatively early date in the

Secondary era, although it was not completed till the

Pleistocene. The reader must not, however, be led to

suppose that cave-animals belong to an older epoch than

those of the outside world, as it is probable that many of

them have not taken to their present mode of existence

since the later Pliocene or early Pleistocene period.

Caves of sufficient dimensions to have developed a special

fauna of their own are met w.th in so many parts of the

world, that it would be tedious to give a

list even of those which are most generally

known. Among those that have attained

the widest degree of celebrity is the

Mammoth cave, situated in a hill of lime-

stone in Edmonston County, a little to the

south-west of the centre of Kentucky. This

enormous cave is adorned with the most
beautiful stalaotitic and other deposits,

which, when lit by the magnesium or the

electric light, form an enchanting sight.

Another well-known American example

is the Wyandotte cave, traversing the Carboniferous lime-

stone of Crawford County, in south-western Indiana. Of

this cave. Prof. Cope wrote in 1872 that he was not aware

whether its length had ever been accurately determined,
" but the proprietors say that they have explored its galleries

for twenty-two miles, and it is probable that its extent is

equal to that of the Mammoth cave. Numerous galleries

which diverge from its known courses in all directions

have been lelt unexplored.' The fact that the blind cave-

fish appears to occur in all the subterranean waters flowing

through the great Carboniferous limestone region of the

central districts of the United States, suggests that the

Mammoth and the Wyandotte caves are in communication.

Almost equally celebrated are certain caves in the island of

Cuba, which are also traversed by subterranean streams.

In Europe, perhaps the most interesting cave is that of

Adelsberg in Carniola, as being, together with certain other

caves in Carinthia and Dalmatia, the sole habitat of that

strange creature, the olm or proteus,so graphically described

many years ago by Sir Humphry Davy. Although the

Carinthian and Dalmatian forms of this creature diiler

slightly from the Carniolan type, there can be little doubt

that the subterranean waters of all thethree countries are, or

were at a comparatively recent date, in free communication.

Several caves with the blind fauna are met with m Western
Europe, some of the most notable being those in various

parts of the south of France ; but the only one in the

British Islands is Mitchelstown cave, near Fermoy, in

Ireland, which is excavated in the Carboniferous limestone.

The animal of the highest zoological position occurring

among the true cave-fauna is the aforesaid olm, which is

the sole representative of the genus Proteus, and is allied

to the ordinary salamanders and newts. The olm is a

somewhat eel-like creature, measuring about eleven inches

in length, and with a uniformly flesh-coloured skin, sava

that the branching external gilh are brilliant scarlet. The

limbs are very short and weak, the front pair being provided

with three and the hinder with two toes, and the eyes are

completely hidden. Now it is a most remarkable fact that

the only other salamander referred to the same family

(Prott'id(p) as the olm is a single North American speciej

with well-developed eyes, four toes to each foot and a dark

brown skin, which constitutes the genus Nfctitnis ; and

from this it may be inferred that the ancestral type of the

two genera formerly inhabited the northern hemisphere,

and that while its transatlantic descendant has preserved

the primitive number of toes and adhered to an ordinary

mode of life, the European species has become more

specialized in regard to its limbs, and has taken to a

completely subterranean existence. According to Sir

Humphry Davy, the olm only makes its appearance in

the Adelsberg grotto when the waters rise to an unusual

height, remaining at other periods in the streams flowing

beneath its floor.

The only other vertebrate animals belonging to the true

cave-fauna are fish of several species. By far the most

celebrated among these is the well-known blind-flsh

Fig. 1.—The Blind-lush.

fAmhhjojiiis spdccai, which has been taken in both the

Mammoth and the Wyandotte caves, as well as in the

I intervening subterranean waters. This fish is the typical

representative of a small family allied to the cyprinodonts,

which are themselves relatives of the carps. It is quite

destitute of external eyes, and its body is completely

colourless; but its sense of hearing is extritordmarily

developed. In the typical form this fish has a small pair

i

of pelvic fins, but in some examples (which have been

I referred to a distinct gemis under the name of Ti/phlichthys)

these are wanting. The maximum length is five inches.

Prof. Cope writes that if these fish "be not alarmed,

they come to the surface to feed, and swim in full sight

hke white aquatic ghosts. They are then easily taken by

the hand or net, if perfect silence is observed, for they are

unconscious of the presence of an enemy except through

the medium of hearing. This sense is, however, evidently

I very acute, for at any noise they turn suddenly downward,

and hide beneath stones, etc., at the bottom. They must

take much of their food near the surface, as the life of the

depths is apparently very sparse."

The only other genus in the family is known as

: Choloiiaster, difi'ering from the last in the retention of

small" external eyes, and likewise in the skin being

coloured. Pelvic fins are absent, and the front of the

head is provided with two horn-like appendages. These

small fish were first known from three examples taken in
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the ditches of the South Carolina rice-fields ; but another
specimen was caught in a well in Lebanon County,
Tennessee, in the year 1854. They appear to have taken
to a partially subterranean life comparalively recently, and
therefore retain their eyes and dark coloration.

Although these cave-fish are clearly allies to the

cyprinodonts, there is no evidence to show that they are

directly descended from any member of that family. Such
a descent is, however, indicated by a very remarkable
family of fishes known as the OiiJii/liifltr, which are near
relatives of the cod tribe. With the single exception of

the cave-fish of the caves of Cuba [Lucit'w/<i dentata).

FlO. 2.—Cuban Cave-Fish.

all the members of the family are marine forms, some
inhabiting shallow water, while others are found only at

great depths. Now the Cuban blind fish, in which the

eyes are either totally wanting or rudimentary, is a very

close ally of a marine form named liratula, in which the

eyes are fully developed, and has evidently been specially

modified from the former for a subterranean existence.

The barbels, which are present in the marine fish, are

replaced in the cave form by minute tubercles. This,

however, is not the only point connected with this curious

family, as there are two species, belonging to as many
genera {Ti/plihinus and Ajihi/nnus), founl at great depths in

the southern oceans, which are also completely blind, and
apparently have no phosphorescent organs. And it would
appear from these examples that the fish of this family

have some special disposition towards a life of darkness.

The only other fish that can be said to belong to the

cave-fauna is a member of the great freshwater family of

cat-fishes {SiluridcB), and has been named by Prof. Cope
(rronias niiii-il(ilirif>. This fish, which attains a length of

about ten inches, is closely allied to an ordinary freshwater

American form, and occurs in the Conestoga river in

Lancaster County, Pennsylvania, where it is stated to be

occasionally taken by the fishermen, and is believed to

issue from a subterranean stream said to traverse the

limestone of that district, and to discharge into the

Conestoga river. Although blind, this fish has a rudimental

eye, and is therefore in process of modification for a com-
pletely subterranean life.

To refer in detail to the invertebrate inhabitants of caves

would far exceed our allotted limits, and only a few words
can be said on this part of the subject. Among the most
interesting are the blind cray-fish, in the ordinary form of

which (('iiiiihiirux) the eyes are rudimental in the adult,

but larger in the young, thus affording conclusive evidence

of their descent from forms fully endowed with vision.

Prof. Cope has, however, described one crayfish from
the Wyandotte cave in which the eyes are completely

wanting. Among the insects, there is a totally blind

beetle [Annjihthdmus) belonging to the family of Carabid<r,

or tiger-beetles, from the American caves ; while those of

France and Ireland have yielded a blind and colourless

spring-tail (Lipiira). Wingless grasshoppers are abundant,

but these, at least generally, can see. Centipedes and
spiders are also common, one of the former from the

Mammoth cave being totally blind, while others retain

their eyes. In the European species of cave-spiders

{Parrhomd) the eyes are excessively minute, and tend to

become obsolete ; but it is noteworthy that these creatures

belong to a genus in which the eyes are small even in the

open-air kinds.

It is thus apparent that all cave-animals are descended

from allied forms living in the outer world, and that in

many cases they belong to families which appear specially

adapted for modification to a subterranean existence.

One of the most interesting discoveries is the close

alliance between creatures inhabiting caves widely

remote from one another. Writing of the animals

of the Mitchelstown cave, Mr. G. H. Carpenter

observes that the springtail "is hardly to be

separated from a species found in the caves of

Carniola, and the Sinella (another blind and
bleached insect) is almost identical with one in-

habiting ihe caves of North America ; while the

spider is apparently the same as a cave-dweller from

the Mediterranean district of Southern France,

which probably occurs in the North American

caverns also. . . . Any possible geographical

connection which would permit the migration of

subterranean animals between Southern Europe or Ireland,

or between Ireland and North America, seems altogether

out of the question within any period during which the

fauna can have been specifically identical with that of the

present day. The only conclusion is that from ancestors,

presumably of the same genus, which took to an under-

ground life in such widely-separated localities, the similar

conditions of the caves have evolved descendants so similar

that when compared they cannot, or can hardly be speci-

fically distinguished from each other."

Should these identifications be confirmed, it will be

evident that the same, or closely allied species, have

originated independently in different caves, and although

the author cited is of opinion that this phenomenon may
only hold good with regard to cave-animals, we are

inclined to think that it may be found also to exist in the

outer world, since it has been suggested that the horses

{F.ijui) have originated independently in the Old and New
Worlds from different ancestral stocks.

HELIUM, TOGETHER WITH A FEW NOTES ON
ARGON.

By George McGowan, Ph.D.

ALTHOUGH only five months have elapsed since

Prof. Rimsay announced his discovery of terres-

trial helium to the Chemical Society at the

anniversary meeting of thelatter on March 27tli,

the large number of letters and papers—specula-

tive and otherwise—which have since been contributed to

scientific journals and magazines, either upon helium alune,

or upon helium and argon together, shows what wide-

spread interest it has awakened. The July number of the

Jouytiirl (if the Cliemicil Societi/ contains a further paper

upon " Helium, a constituent of certain Minerals," by Prof.

Ramsay, Dr. Collie, and Mr. Travers, which gives the

results of their work upon the new gis up to date ; it

seems, therefore, a fitting opportunity to present a short

sketch of the subject to the readers of Knowledge.
Nearly thirty years have passed since the spectrum of

the solar chromosphere and prominences was discovered to

consist of the lines of hydrogen, and of a bright line in the

yellow, since known as D^. But, until the other day,
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the line had never been detected in the spectrum of any

constituent of our planet, and on this account the name
hilixtm was given to the element producing it, as being

entirely a solar element, although, as now appears, it is

pretty widely distributed in small quantities in certain

classes of rara minerals. This is the first instance on

record of an element known to exist in the sun being

subsequently discovered on the earth, though it will prob-

ably not be the last, for there are lines in the solar

spectrum which we are unable to i-eproduce from any

known ten-estrial element. One of these hypothetical ele-

ments, giving a line in the green portion of the spectrum,

forms a large part of the sun's corona, and is believed to

be a gas even Hghter than hydrogen. In a short note

upon helium, communicated to the Eoyal Society last May,

Mr. Lockyer says" ;
—" We appear to be in presence of the

rem ciiisd, not of two or three, but of many of the lines

which, so far, have been classed as ' unknown ' by students

both of solar and stellar chemistry ; and if this be con-

firmed, we are evidently in the presence of a new order of

gases of the highest importance to celestial chemistry,

though perhaps they may be of small practical value to

chemists, because their compounds and associated elements

are for the most part hidden deep in the earth's interior."

The way in which the discovery of terrestrial helium

came about is interesting, and it may be recapitulated

shortly here. Argon, as everyone now knows, is an

extremely inert substance, and as a matter of fact there are

only two instances as yet of chemical combination on its

part, M. Berthelot having recently succeeded in forming

a hydrocarbon compound of argon by subjecting a mixture

of the latter with the vapour of benzene to the

influence of the silent electric discharge, and also in

inducing the gas to combine with carbon disulphide and
mercury under similar conditions. M. 15erthelot's experi-

ments were of necessity made with very small quantities

of pure argon—much too small to allow of anything more
than a qualitative observation ; they have, however,

established the important facts tbat argon can be made
to enter into chemical combination with other elements,

and can be regenerated from the compounds formed with

its initial properties intact.
I In continuance of the search

after possible compounds of argon last spring, Prof.

Eamsay's attention was called by Mr. Miers, of the British

Museum, to the rare Norwegian mineral cleveite, which
consists mainly of uranate of lead associated with rare

earths, and which was said to give off two per cent,

of nitrogen when warmed with dilute sulphuric acid.

Thinking that this supposed nitrogen might very likely

be argon, he obtained some of the mineral and liberated

the gas from it. The spectroscopic examination of the

latter showed an extremely brilliant yellow line close to,

but not coincident with, the two yellow sodium lines

Dj and D,,. Not having at the time a spectrosi-ope

with which accurate measurements could be made, Prof.

Ramsay sent a Pliicker's tube of the gas to Mr. Crookes,

wbo found the wave-length of this new yellow line (D.j)

to be .587-45, the wave-lengths of the sodium lines being

Di= 589-.51, and Do^SSS-Ol. The spectrum of the gas

was, therefore, that of the solar element helium.

Profs. Runge and Paschen, of Hanover, have since

shown
I

that the yellow helium line is itself a double one,

its less refrangible component being much the weaker of

* Jfature of May 16tli, 895.

t Prof. Eamsay also appears to hare succeedci quite lately in

intlucing argon to combine ehemieallv, by making an arc with two
thin carbon rods in ' he gas (gee Chemical JVew.'.v of August 2nd, 1895).

I Nature of June 6tb, 189.5.

the two, while the stronger one is brilliant. They give

the following wave-lengths for these :

—

Strong component = 5875'883

Weak „ = 6876-206,

Rowland's determination of Dj? being 5875-982. Lastly,

a week or two ago Dr. Huggins^ observed the double line

in the solar spectrum, stating at the same time that he

understood it had been already observed in the United

States by Prof. Hale. This would appear to make it

absolutely certain that solar and terrestrial helium are

identical.

A large number of rare minerals have been examined

by Prof. Ramsay and his colleagues for helium, these

being described m detail in the memoir already referred

to at the beginning of this paper. The conclusion at

which they arrive is that helium is retained by minerals

consisting of salts of uranium, yttrium and thorium, but

whether its presence is conditioned by the uranium, the

yttrium, or the thorium has not yet been established.

None of the oxides of uranium, when heated in an

atmosphere of helium and allowed to cool, retain the gas

;

but similar experiments have not yet been made with

oxides of thorium and yttrium, or with a mixture of these

with uranium oxide. The miaerals which gave much the

best yield, and which, indeed, up to the present have been

the only available sources of helium, are cleveite,

broggerite, and the uraninite mveBtigated by Hillebrand.

Monazite, which also gives a good yield of helium, is a

phosphate of cerium, lanthanum and thorium, uranium

being absent. Being comparatively cheap, it would form

a more economical source of helium than either cleveite

or broggerite.

On account of their rarity and cost, only small quantities

of the above-mentioned minerals could be used. To extract

the helium, from two to five grammes of the coarsely

powdered substance were heated in a small bulb of combus-

tion tubing, previously exhausted by a Toppler's pump. As

water vapour and carbon dioxide were often evolved at the

same time, a soda-lime tube and a tube filled with

phosphoric anhydride were frequently mterposed between

the bulb and the pump. After most of the gas had been

given off, the temperature was raised until the glass bulb

showed signs of collapsing. A further quantity of gas was

obtained by mixing the residue from the heated broggerite

or other mineral with hydrogen-potassium sulphate, and

re-heating. To get rid of the free hydrogen evolved in

most cases along with the helium (there was no chemically

combined hydrogen, i.,\, no hydride of helium), the gas

was sparked with oxygen, no alkali being present. The

excess of oxygen was then absorbed by alkaline pyrogallate,

and the gas transferred to a vacuum tube for spectroscopic

examination. This process of transference has proved

very convenient, and has prevented any waste whatever of

the gas.

The apparatus "consists of a tube provided with a perfectly

fitting stopcock ; this tube is connected with a Toppler's

pump. The vacuum tube or tubes to be fitted are sealed to a

lateral branch above the stopcock. The lower part is bent

into a sharp (J and the end drawn out to a point and sealed.

The stopcock is then turned full on, and the whole tube is

completely exhausted, until the vacuum tube shows brilliant

phosphorescence, or, indeed, as often happens, ceases to

conduct the discharge ; the stopcock is then closed. A
mercury trough is placed below the bend of the tube, and

the latter is sunk until the closed end disappears below the

mercury. A small tube, which need not contain more than

1 c.c. of the gas to be introduced into the vacuum tube, is

§ L'hUustiphii-al Matjazine, July, 1893.

If CliMiincil A>!M of July l9th, 1895.
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tbeu placed over the closed end of the bent tube, and the
mercury trough is lowered. The sealed end is then broken
by pressing it against the interior of the gas tube, when
gas enters up to the stopcock. On carefully opening the
stopcock a trace of gas is passed into the vacuum tube

;

this gas is then pumped out and collected below the

delivery tube of the TOppler's pump. One such washing
with gas is usually sufficient. The stopcock is again
opened, and a sufficient amount of gas introduced into the

vacuum tube to show the spectrum. The vacuum tube is

then removed by sealing, and the gas still remaining iu

the bent tube may be transferred to the pump and collected.

It is seen that this method permits of the filling of a

vacuum tube absolutely without loss, and— it may be
added—with great expedition."

It is further interesting to notice at this point that the

discoverer has also found small quantities of argon and
helium in the gas obtained by heating in vacuo a piece of

a meteorite found in Virginia, the argon being present in

relatively much larger amount than the helium. This is

the first time that argon has been found in any extra-

terrestrial substance ; it has not yet been recognized in the

sun. This particular investigation showed very clearly

how little reliance is to be placed on the evidence of the
spectroscope as to the presence of anyone gas in a mixture
where other gases predominate. Thus, the characteristic

spectrum of argon is almost completely masked by the
presence of a few parts per ceut. of nitrogen or of hydrogen,
and that of helium is similarly affected, although to a less

degree. The author suggests that in future much attention

should be paid here to the relative conductivities of gases.

The spectrum of helium is chai-acterized by five very
brilliant lines, which occur in the red, the yellow, the
blue-green, the blue, and the violet. The double yellow
line, D,, which is the most characteristic, has been
already referred to in detail. No one who has seen this

spectrum is ever likely to forget its extraordinary brilliancy.

An exhaustive study of it is being made by Mr. C'rookos.

With regard to the spectrum. Prof. Eamsay and his

coadjutors point out *' that at least two of the Imes i;i

the spectrum of helium, seen with a wide dispersion prism,
are coincident with two of the argon lines. These occur
in the red, and comprise one of each of the two pairs

of characteristic argon lines. . . . We may say that if

not absolutely identical, the lines are so near that it is not
possible with the means at our disposal to recognize any
difference in position. But the relative brilliancy is by no
means the same. One of the argon lines, rather faint, is

coincident with the prominent red of the helium spectrum,
and one of the strong red argon lines is coincident with a

faint red line in the helium spectrum."
Next to the spectrum, the property of helium which it

was of most interest and importance to determine wag the
density. Unfortunately, most of the minerals employed as

a source gave such a minute yield, amounting usually to

only a few cubic centimetres, that a determination of

density was in their case out of the question. Very
careful estimations were, however, made with the gas from
clcveite and from br()ggerite. Even here the quantity of gas
available was but small, the capacity of the bulb used for

most of the weighings being only about thirty-three cubic

centimetres. But care in manipulation and the use of a
very sensitive balance by Oerthng made it possible, even
under these conditions, to arrive at results nearly
approaching to accuracy. The original paper must be
consulted for all the precautions taken to purify the

helium, whose density was in question, from every trace

of hydrogen sulphide, carbon dioxide, sulphur dio.xide,

hydrogen and nitrogen. Let it suffice to give here the

results of three determinition^, of which " ths mean may
be taken as approximately correct to within 0-05 "

:

—

Density.

G-as from bi'oggcrite by lieatiug ... ... ... 2'152

Ctixs from brciggerifce with liydrogeQ-pota.ssium

sulphate ... ... ... ... ... ,.. 2 1S7

Gas from cleveite ... ... ... ... ... 2 205

Mean 2181

(the density of oxygen being taken as IG). All these three

samples were then mixed together, and the whole treated

again for the absorption of any traces of hydrogen and
nitrogen remaining, after which the density was found to

be 2-218, i.e., it remained substantially unaltered. A
determination in another sample gave the figure '2'13i}.

Helium is thus, next to hydrogen, the lightest of all known
elements.

Again, as in the case of argon, it has been found to be

a mowitomic gas, the ratio of the specific heat at constant

volume to that at constant pressure being l-l)32 (another

determination gave 1-G52)—a sufficiently close approxima-
tion to the theoretical number 1-6G.

Helium is very sparingly soluble in water, 100 volumes
of the latter at 18'2''C i.e., at about the ordinary tempera-

ture, dissolving only 0-73 volumes of helium. This is the

lowest solubility yet recorded for any gas, and it points to

the boiling temperature of liquid helium being very low.

Prof. Olszewski, of Grac3W, has undertaken to make
experiments on the temperature of liquefaction of helium,
" and it will be interesting to learn whether its boiling

point does not lie below, or at least as low as that of

hydrogen. For their molecular weights are not very

different, and helium is a monatomic gas, a condition

which appears to lower the boiling point."

So far, but few attempts have been made to induce

helium to enter into chemical combination with other

elements, but those experiments which have been tried

have all proved ineffectual. Like argon, it is not attacked

by oxygen in presence of caustic soda under the action of

the electric discharge, this forming in fact a good method
of removing all impurities other than argon. Further,

like argon, it is not affected by red-hot magnesium, and
it is not oxidized by copper oxide at a red heat. No
method has yet been found by which helium and argon

can be separated from one another.

Towards the close of their paper, the authors draw some
general conclusions, so far as their present knowledge of

the subject warrants this. " It cannot be doubted that a

close analogy exists between argon and helium. Both
resist sparkmg with oxygen in presence of caustic soda;

both are unattacked by red-hot magnesium; and, if we
draw the usual inference from the ratio between their

specific heats at constant volume and at constant pressure
"

(the significance of which, however, is by no means uni-

versally conceded, not, for instance, by ^^leudeli'eff), " both
are monatomic gases. These properties undoubiedly place

them in the same chemical class, and differentiate them
from all known elements." The properties of helium
itself not having yet been sufficiently investigated, the

authors proceed to discuss those of argon, with the view

of seeing how far these corroborate the deduction that the

latter is a monatomic element, and the conclusion at wliich

they arrive is that, while the considerations referred to

cannot be accepted as evidence, they are corroborative of

the conclusions as to the monatomiclty of argon. " If

they apply to argon, thi-y apply with equal force to helium
;

and if they are accepted, it follows that the atomic weight
of helium is 4'26," tliat of argon being 30-8.

With regard to the question, why is not helium, like

argon, present in the air ? the authors are inclined to



September 2, 1895. KNOWLEDGE. 213

accept Dr. Johnstone Stoney's argument* that the former

would, in vh'tue of its own proper molecular motion,

remove itself from our planet, and emigrate to a celestial

body possessing sufficient gravitational attraction to hold

it fast.

But the supreme point of interest still to be determined

with regard to argon and helium is, are they elements or

only mixtures of elements ? If argou possesses the atomic

weight 40, there is no place for it in the periodic system

of the elements ; and up to now no exception to this

arrangement exists, if the doubtful case of tellurium be

excluded. There are various arguments both for and
against argon and helium being elementary. If what has

just been said about their spectra containing certain lines

inconimon turns out, on further investigation, to be justified,

then the only conclusion is that the two gases contain

some element in common (excluding the extremely improb-

able hypothesis, of which there is as yet no instance, of

two elements giving spectra containing identical lines).

The subject presents many serious difSculties, but these

will no doubt be satisfactorily overcome ia time. If the

two discoveries of argon and helium had possessed no
intrinsic interest in themselves, they would have been

invaluable as being the means of bringing home to many
chemists, and to others interested in chemistry, a large

number of issues of the first importance in the science.

THE COLDEST INHABITED SPOTS ON EARTH.
By C.\RL SlEWERS.

ACCOEDING to all i-ecorda which we possess, the

coldest inhabited spot on earth is Werchojansk,
in Eastern Siberia, under the Polar Circle, where
the ahnual mean temperature is 2-2° F. or thirty-

five degrees of frost. During the months of

January, February, and March, the thermometer generally

remains at 56^ below zero, indicating eighty-eight degrees

of frost, and on certain particularly cold days the spirit

thermometer—mercury thermometers are useless in such

cold—falls to 83'^ below zero, Fahrenheit, or one hundred
and fifteen degrees of frost. Spring has a mean tem-

perature of 28'4^ or four degrees of frost, and during the
'• lovely month of May " the temperature remains at zero.

During the " hot " months, July, August, and September,

the mean temperature at Werchojansk is i2'8°, but in the

three following months of the year the mean again declines

to 34-6°.

A striking contrast to this terribly cold climate is

furnished by that of the little colony, Angmasalik, on the

east coast of Greenland, on the opposite side of the globe,

and nearly in the same latitude, about 665°. Tne climate

here is, comparatively speaking, "mild," the annual
mean temperature being only 26'G'^, or seven degrees of

frost. The winter has a mean temperature of 11°, spring

a mean temperature of 32^, summer one of 37'4^, and
autumn a mean temperature of 24-8°. The changes of

temperature here are, however, not nearly so great as at

Werehcjansk, as the sea, which is in close proximity, acts

as a regulator. However, Angmasalik is far from being

a pleasant place of residence, as the weather is invariably

"raw cold" and stormy, while the shores are generally choked
with drift ice as far as the eye can reach. The shores

of East Greenland are, as is generally known, almost
unapproachable on account of the drift ice.

At Angmasalik, whither the Danish Captain Holmpene-
tratedforthe first time in 1883, there wasacolony of Eskimo,

* Chemical Sews, LXXI., 67 (1895).

numbering some 400, which had never before come into

contact with
civilized people.

When Lieu-
tenant Kydew
reached the
colony ten years

after, the popu-

lation had dwin-

dled to 300.
There was then
established a

trading and
mission station

here, coupled
with a meteoro-
logical obser-
vatory. The
Danish Green-
land steamer
" Hvidbjornen

"

(White Bear) is

now to call every

autumn at this

colony ; but it

may be doubted
whether this will

be possible on
account of the

ice. Anyhow, the

colony and the

steamer are pro- \Voman of Angmasalik with Baby.
visionedior
several years should the latter be blocked in the Polar pack.

Some iirccnt |iatcnts,

Johu Lee Osboru, MUlbay Engiaeering Works, Plymouth (a com-
munieatiou f.om Carl Neiihaus, Vieuna). Improvements in apparatus

for hurning liqiiiil fuel. This inrentiou relates to burning oil for

steam boilers and the like. Steam to the atomiser A is taken from
the steam chamber and separator B by opening the steam ralve a.

whieli causes the steam to blow through the fine opening c in the

atomiser. Oil is admitted by the cock d. By unscren-inj the cap e

the oil enters and is atomised by the steam jet, and, after mixing
with air, is thrown into the fire tube / in the form of spray, which is.
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igaite.l by a toi-ijh. / is a lock-nut to the cap e. The needle </ i<

used to clear the fine steam channel by pushing it through it by the
nooden handle A. C is a reducing valve to equalise the pressure of
the steam containing a membrane i on which steam pressure is

counteracted by n spring i-, regulated by the nut I.
< 'ondeuseil water

from the chamber B is used to heat the oil, whereby comjilete com-
bustion is effected, without the necessity of applying a constantlv
burning torch.

\o. 15,773. Dated IHik Au//ust, 1894. Accepted 6th Juli/, 1805.
Onefigure.

1 » I

Charles Guest, Longsight, Mancbester. Improved means of trans-

mitting power by belt gearing. Eotary motion is ti-ansraitted from
one grooved pulley to auother, by means of a flexible tube filled with
air, or other vapour, under pressure. For driving cycles an india-
rubber tube, of, say, half an inch in diameter, is used, the two ends
being joined by dissolved rubber or solution. A small valve is in-

serted and the tube is partly inflated, or it may be filled with chalk-
dust or other jiowdcr, which is afterwards removed through the valve.

The tube is then wrapped round with canvas or other fabric, the
whole being bound together with glue or solution, in such a manner
that the air pumped into the tube will be held under pressure.

No. 17,685. Dated Vith September, 1894. Accepted 20th Jiilij

1895.

Geraud Marty, Puymirol, De-
partement de Lot-et-Garonue,
France. Improvements in ro'ary
pumps. (Z is a cylindrical casing
formed at its lower end with a foot
b. capable of being fixed to a
frame. c and c are inlet and
outlet passages, e is a cylinder
eccentrically attached to the
scjuare end of a driving shaft d.

^ is a ring or piston which moves
in contact with the interior of the
casing a, and having a leg g'

sliding between two segments A h'.

Ihe action of the pump will be
readily understood from the
drawing. A double acting pumn,
with two cylinders, is also
described and illustrated.

No. 18,376. Dated 28tt Sep-
tember, 1894. Accepted 20th July,
1895. Fourfigures.

THE FACE OF THE SKY FOR SEPTEMBER.

By Herbert Sadler, P.E.A.S.

SUNPOTS and faculfe, though decreasing in number
and magnitude, are still tolerably abundant on the
solar surface. There will be a partial eclipse of
the Sun on September 18th, but it will only be
visible in East Australia and New Zealand. Con-

veniently observable minima of Algol occur at lOh. 32m. p.m.
on the 7th ; at 7h. 21m. p.m. on the 10th ; at Oh. 14m.
A.M. on the 27th, and at 9h. 3m. p.m. on the 30th.

Mercury is too near the Sun to be visible in September.
Venus is too near the Sun to be observed during the

greater part of the month ; afterwards she becomes a
morning star. On the 24th she rises at 5h. 30m. a.m.,
with a southern declination of 4° 26', and an apparent
diameter of 58i", yfgths of the disc being illuminated.
On the 30th she rises at 4h. 49m. a.m., or lb. 49m. before
the Sun, with a southern declination of 2° 28', and an
apparent diameter of 54f , yjgths of the disc being
illuminated. While visible she describes a short retrograde
path in the extreme south of Leo.

Mars is invisible, and Saturn and Uranus have left us
for the season.

Vesta is an evening star, and but for her great southern

declination would be well situated for observation. On the

1st she souths at lib. 45m. p.m., with a southern

declination of 20' 23'. On the 1.5th she souths at

lOh. 35m. P.M., with a southern declination of 21' 31'.

On the 80th she souths at 9h. 29m. p.m., with a southern

declination of 21° 53'. During September she appears

as a 6| magnitude star. A map of the small stars near

her path will be found in the Enijlish ilechunic for August
2nd.

Jupiter is a morning star, rising on the 1st at Ih. 28m.
P.M., with a northern decimation of 20° 33', and an
apparent equatorial diameter of 33^". On the 8th he rises

at Ih. 8m. a.m., with a northern declination of 20° 17', and
an apparent equatorial diameter of 34". On the 18th he

rises at Oh. 39m. a.m., with a northern declination of

19° 54', and an apparent equatorial diameter of 33i". On
the 30th he rises at midnight, with a northern declination

of 19° 28', and an apparent equatorial diameter of 305".

He describes a direct path during September in Cancer,

being a little to the S.W. of Propsepe at the end of the

month. The following phenomena of the satellites occur

while the planet is more than 8° above and the Sun 8°

below the horizon. On the 5th a transit ingress of the

shadow of the second satellite at 2h. 40m. a.m., and of the

satellite itself at 4h. 27m. a.m. On the Gth a transit

ingress of the shadow of the first satellite at 3h. 39m. a.m.,

and a transit ingress of the satellite itself at 4h. 32m. a.m.

On the 7th an occultation reappearance of the first

satellite at 4h. 10m. a.m. On the 12th a transit egress

of the shadow of the third satellite at 2h. 18m. a.m., and
at 2h. 43m. a.m. a transit ingress of the satellite itself.

On the 14th an eclipse disappearance of the first satellite

at 2h. 51m. 56s. a..m., and an occultation reappearance of

the second satellite at 4h. 32m. a.m. On the 15th a transit

egress of the shadow of the first satellite at 2h. 20m. a.m.,

and of the satellite itself at 3h. 20m. a.m. On the 19th a

transit ingress of the shadow of the third satellite at

2h. 49m. A.M. On the 21st an eclipse disappearance of the

second satellite at 2h. 17m. 7s. a.m., and an eclipse

disappearance of the first satellite at 4h. 45m. 13s. a.m.

On the 21st a transit ingress of the shadow of the first

satellite at Ih. 53m. a.m., of the satelUte itself at 2h. 49m.
A.M., and a transit egress of its shadow at 4h. 14m. a.m.

On the 23rd a transit egress of the second satellite at

2h. 8m. a.m., and an occultation reappearance of the first

satellite at 2h. 35m. a.m. On the 28th an eclipse dis-

appearance of the second satellite at 4h. 53m. 26s. a.m.

On the 29th a transit ingress of the shadow of the first

satellite at 3h. 4ym. a.m., and of the satellite itself at

4h. 57m. A.M. On the 30th an eclipse disappearance of

the first satellite at Ih. 6m. 43s. a.m., an occultation

disappearance of the third satellite at Ih. 18m. a.m., a

transit ingress of the second satellite at Ih. 57m. a.m., and
a transit egress of its shadow at 2h. 28m. a m. ; an
occultation reappearance of the first satellite at 4h. 33m.
A.M., a transit egress of the second satellite at 4h. 50m.
A.M., an occultation reappearance of the third satellite at

4h. 52m. A..M.

Neptune is an evening star, and is becoming well situated

for observation. He rises on the 1st at lOh. 24m. p.m.,

with a northern declination of 21° 28', and an apparent

diameter of 2'6". On the 30th he rises at 8h. 26m. p.m.,

with a northern declination of 21° 28'. During September
he is almost stationary at about j° S.S.W. of the 6|
magnitude star 108 Tauri. A map of the small stars near

his path is given in the Kiujlish Mechanic for August 16th.

There are no very well marked showers of shooting stars

in September.
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The Moon is full at 5h. oom. a.m. on the ith ; enters

her last quarter at ih. 51m. a.m. on the 12th ; is new at

8h. 55m. P.M. on the 18th ; and enters her first quarter at

6h. 23m. P.M. on the 25th. She is in apogee at lOh. p.m.

on the Srd (distance from the earth 252,430 miles), and in

perigee at 7h. a.m. on the listh (distance from the earth

222,300 miles). There will be a total eclipse of the Moon
on the morning of the -Ith. First contact with penumbra
at 2h. 4y-7m. a.m. ; first contact with shadow at 4h. OSm.
A.M. at 54° from the northernmost point of the Moon's limb

towards the east i reckoned for dii-ect images) ; beginning

of total phases 5h. 0-9m. a.m. (the Moon sets at Greenwich
at 5h. 18m.) ; middle of the eclipse 5h. 57m. a.m. ; end of

total phases Oh. 47*lm. a.m. ; last contact with shadow at

7h. 53-7m. a.m., at 110 from the northernmost portion of

the hmb towards the west ; last contact with penumbra
9h. 4'3m. a.m. (magnitude of eclipse (Moon's diameter = 1)

1-55). At Ih. 54m. a.m. on the 3rd the 4tli magnitude
star I Aquarii will disappear at an angle of 87^, and re-

appear at 2h. 53m. a.m. at an angle of 205°. At Oh. 12m.
p.m. on the 3rd the 6^ magnitude star 04 Aquarii wiU
disappear in sunlight at an angle of 41°, the star being

below the horizon of Greenwich at the time, and reappear

at 7h. 10m. p.m. at an angle of 209°. At oh. 58m. p.m.

on the 4th the 6i magnitude star B.A.C. 8134 will disappear

at an angle of 74°, the star being below the horizon at the

time, and reappear at Oh. 57m. p.m. at an angle of 233°.

At 7h. 7m. P.M. on the 6th the Oth magnitude star 00
PiEcium will disappear at an angle of 108°, the star rising

at the time, and reappear at 7h. 46m. p.m. at an angle of
194°

; and the Oth magnitude star 02 Piscium will disappear

at 8h. 4m. p.m., at an angle of 8", and reappear at 8h. 40m.
P.M. at an angle of 292 . At 2h. 41m. a.m. on the 10th
the 6th magnitude star 83 Cancri wUl disappear at an angle

of 111°, and reappear at 3h. 35m. a.m. at an angle of 282°.

At 8h. 48m. p.m. on the 29th the 3rd magnitude star

S Caprieorni will disappear at an angle of 50 , and reappear
at lOh. 8m. p.m. at an angle of 241°. At 9h. 9m. p.m. on
the 30th the 6th magnitude star 58 Aquarii will disappear

at an angle of 50°, and reappear at lOh. 30m. p.m. at an
angle of 230'

; another 4^ magnitude star o- Aquarii will

make a near approach to the lower limb at 9h. 29in. p.m.,

at an angle of 324°.

d|if00 Column.
By C. D. LococK, B.A.Oson.

Communications for this column should be addressed to

C. D. LococK, Bm-wash, Susses, and posted on or before

the 12th of each month.

Solutions of Aiiijust Problems.

(A. G. FeUows.)

No. 1.

1. Q to Bsq, and mates next move.

No. 2.

2. Kt to B8, and mates next move.

Correct Solutions of both problems received from
A. Louis, E. W. Brook, J. T. Blakemore, W. WiUby,
J. M'Kobert, Alpha, H. S. Brandreth.

Of No. 1 only, from G. G. Beazley and Dr. Hardwick.
No. 2 has proved to be unusually difficult for a two-

mover.

A. C. Challenger.—Many thanks.

are always acceptable.

J. T. Blakemore.—Have answered by post.

Your contributions

PEOBLEMS.

By A. C. Chaixenger.

No. 1.

Black (6|.

-^m"Mi W^- ^
2J

m
i>.

W
-

—

- . -m
—

^ * » P^4 i

Whitk (10).

White mates in two moves.

No. 2.

Black (5).

mi. m

I mm•
1 M P w%w

White (9).

White mates in four moves.

The following game was played in the eighth round of

the Hastings Tournament. Mr. Lasker was again the

first to finish his game.

1,

2,

3,

4,

5.

6,

7.

8.

9.

10.

11.

12.

13.

14,

15,

10,

17.

18.

19,

('0

White.

E. Lasker.

P toK4
Kt to KB3
B to Kt5
Castles

Kt to B3

!

P to Q4
KtxP
KKt to K2
Kt to Kt3
BxB
P to Kt3 (7)

B to Kt2
Kt to B5
E to Ksq
P toB4
Kt to Q5 ! {j)
Kt(B6)xBch
P to 135

Kt X Ktch

" Euy Lopez."
Black.

A. Walbrodt.

1. P to K4
2. Kt to QB3
3. Kt to B3
4. B to K2 [a)

5. P to Q3 (6)

6. P X P ((•)

7. B to Q2
8. Castles (e)

9. Kt to K4 ( ?•

)

10. QxB
11. QE to Qsq
12. Kt to B3 {h)

13. Q to K3 (()

14. Kt to K4
15. Kt to Kt3
16. P to B3
17. KtxKt
18. KtxP(A)
19. PxKt
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20. PxKt
21. R to KBsq
22. BxP
23. R to B3
24. II to Kt3ch

20. QxBP
21. Q to K5
22. QR to Ksq
23. P to KR4
24. Resigns.

Notes.

(a) It is not generally known that B to K2 is inferior

at this stage, though German analysts have demonstrated
the fact.

(i) The alternative 5. ... Kt to Q5 is very risky.

Ziikertort continued with (i. Kt x Kt, P x Kt ; 7. P to K5,
P X Kt ; 8. P X Kt, with a winning game.

(c) If 6. . . . B to Q2, 7. P to Q5, Kt to QKtsq

;

8. B to Q;i, with the advantage according to ^'on Bardelehen.

We should prefer, however, 7. R to Ksq, in reply to which
Black cannot castle, on account of the well-loiown varia-

tion 7. . . . castles ; 8. B x Kt, B x B ; 9. P x P, P x P
;

10. QxQ, QRxQ; 11. KtxP, BxP; 12. KtxB,
Kt xKt ; 13. Kt to Q3 !, P to KB4 ; 14. P to KB3, B to

B4ch; 15. KtxB, KtxKt; 16. B to Kt5, winning the

exchange.

{(i) A new and excellent move. Bardeleben gives instead

8. KtxKt, PxKt ; 9. B to Q3, castles ; 10. P to KR3,
with a good game.

(«) Castling seems premature in so cramped a position.

We would suggest 8. . . . Kt to K4 at once ; if then 9.

B xBch, Q X B, reserving the option of castling on either

wing.

( / ) Very dangerous now, as it allows the entrance of

the White Knight at KB6. The Standard suggests 9. . . .

R to Ksq.

(;/) This development of the QB in the Ruy Lopez is

now fashionable. It was introduced by Showalter and
Tarrasch.

(/i) As pointed out by the Standard he cannot play
12. ... P to Q4, on account of 13. PxP, KtxP ; 14.

KtxKt, QxKt; 15. QxQ, RxQ; 16. P to QB4,
winning a piece. For this reason he moves the Knight,
but to the wrong square. By playing it to KtS at once he
would save two moves.

(i) 18. . . . Kt X P would be very dangerous on account
of the reply 14. Q to Kt4, with a winning game.

(j) Very prettily played. If Black reply IG. . . .

KtxKt, 17. KtxKtP, wins.

(k) Clearly forced ; if 18. ... Q to Q2, 19. Kt x Ktch,

P X Kt ; 20. Q to Kt4ch, Kt to Kt3 ; 21. Q to KtS, etc.

Eecei-\-ed for RE^^Ew.

—

The Chess Openings. By I.

Gunsberg. (George Bell & Sons.) Our notice of this

book is unavoidably held over till next mouth.

CHESS INTELLIGENCE.

The whole attention of the chess world is now concen-
trated on Hastings, where the International Tournament
began on August 5th. None of the selected twenty-two
failed to keep their engagements, so that the reserve
(Herr Van Lennep) was not called upon. So much space
has been given to the tournament in the leading daily

papers, that a detailed report at this stage is unnecessary.
A lew leading incidents of the first portion of the tourney
may, however, be mentioned. Undoubtedly the most
remarkable feature of the first week was the unfortimate
start made by Dr. Tarrasch, the winner of the last three

international tournaments. At the end of the sixth round
his score was actually only 2. After ten rounds his score

was 5, and he will no doubt obtain a prize, though prob-

ably not one of the highest. In opposition to this may
be placed the splendid performance of Tchigorin, who won
eight out of his first nine games, and the almost equal

success of the young American, H. N. Pillsbury, who
scored 8| out of 10. Bardeleben held the unbeaten
record longer than any other player, finally succumbing to

Steinitz in the tenth round. The latter player was
leading at the end of the fifth round, but then four con-

secutive losses rendered his case almost hopeless as far as

the first prize is concerned. Of the three principal

favourites, Lasker alone showed anything like his true

form in the opening stages. He scored 7s out of 10, one
point behind Pillsbury and Tchigorin, and equal with

Bardeleben. It would seem that the first prize is destined

to go to one of these four. Of the other players Bird has

done well, and Blackburne very badly ; Gunsberg and
Mason have performed moderately, as also Marco and
Janowski. Mieses started well, but subsequently fell off

;

Burn, on the contrary, has improved on a very bad start.

Teichmann, who recently lost a hard-fought match with

Bardeleben in London, has done fairly well, and Pollock

has justified his selection by beating Steinitz. Walbrodt
and Schiffers have been difficult to beat ; .Janowski has

more than once beaten himself. Schlechter's score is a

curiosity— no wins, one loss, and nine draws. This has
not an enterprising sound, and yet his drawn game with

Bardeleben was perhaps the most daring in the tourney.
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embrace roots, leaves, and fruits. Ignorance on this

point has often led to fatal results. Every season has its

victims, who are chiefly town-bred ; for country children,

who eat a great variety of vegetable products, from pig-nuts

to hips and haws, to say nothing of the more luscious berries

of various kinds, are early taught by tradition that certain

plants are poisonous.

Another branch of botany requiring little mental efibrt to

master its general principles, is the geographical distribution

of plants. Taking the British flora, for example, as a basis,

it is something to know that it does not contain a single

peculiar species of flowering plants—at least no very

decidedly distinct species—and that it forms part of a flora

that stretches from the Atlantic eastward to the Pacific,

and, in a less pronounced degree, all around the northern

hemisphere ; that it also has the widest latitudinal

extension of any flora, remains of it occurring on the

mountain ranges of America, Africa, and Asia, southward

to Cape Horn, the mountains of tropical Africa, and

Australia and New Zealand; that the common "ladies'

mantle" is found on the Australian Alps, and that a

primrose abundant in the extreme south of America is

hardly distinguishable from Frimula [((linnm of the north

of England ; and, finally, that there is a greater variety of

beech trees in South America, New Zealand, and south-

eastern Australia than in the northern hemisphere. A
person whose knowledge of botany is of the kind indicated

in the foregoing remarks is in a better position than the
" pot and pan " botanist whose education does not include

these commonplace facts. The examiners in botany of the

Science and Art Department have recognized the impor-

tance of knowing these small things by setting a question

this year on culinary botany-, in which the candidate is

asked to state what part of the plant is eaten of a number
of difi'erent vegetables.

THE FIELD-NATURALIST AND THE CAMERA.

THE KESTREL HAWK.

By Harry F. Witherby.

THE usefulness of photography as an aid to science

is not yet, perhaps, thoroughly appreciated, nor

have its applications been exhausted. We have

long known it to be of the greatest possible help

in astronomy, microscopy, and other sciences, but

as an aid to the study of birds and animals, photography

is still in its infancy. We feel sure that when properly

taken up by field-naturalists, it will be found to be an

exceedingly valuable adjunct to the gun and field-glass.

Several reproductions of photographs taken from life, of

birds and animals, have already appeared in Knowledge
during the last two years, and this month an enlarged

reproduction of a photograph of some young kestrel hawks
in their nest is put before the reader.

About four o'clock one bright, sunny morning in June,

when taking a stroll in a beautiful park in Ireland, I met
one of the keepers of the place, who ofl'ered to show me a

kestrel's nest. Arriving at the fir tree in which the

kestrels were, I began at once to climb, and had

gone some distance up the trunk before the hen bird

liew off, so closely did she sit. Li one of the boughs

near the top of the tree, about forty feet from the

ground, there was a dense growth of twigs about a

foot high, and on a platform in the midst was what at

first sight looked like a mass of yeUowish down. This

proved to be six young kestrels, so mixed up together, and
so plentifully plumaged, that it was diflicult to count them

or to say which hooked beak or curved claw belonged to

which ball of down. When touched they began to cry

plaintively, and this brought an answering note of alarm

—

a sharp kee, kee, kee—from the hen bird which was flying

about not far away.
The imique position of the nest, and the beautiful stage

of plumage in which the young birds were, suggested the

idea of photographing them. The advantages of the

position were many—the tree was a fairly isolated one and

well exposed to the light ; the nest, being a mere platform

of twigs, was not deep enough to hide its contents, while

the branches over it were not thick enough to obscure

Youni; Kestrels aud Xcst in Fir Tru

the needed light, and the tree was easy to climb.

This last fact enabled me to go up to the nest at

various times of the day to select the best light, and
accordingly at about eleven o'clock the next morning I

climbed up the tree with hand-camera, rope, and saw.

First some boughs had to be cut ofl' to let in more light

upon the nest, and others had to be tied back for the same
reason. It was impossible to take the photograph from

the side nearest the tnmk, owing to the thick growth of

twigs. On the further side, the bough, which was in no

place very thick, divided off into three branches. Here
the usefulness of the rope came in, for passing it round
the trunk of the tree and myself, the thin boughs were

freed of a good deal of weight, and I was enabled to use

both hands to the camera. When the latter was brought

to bear on the birds a great many twigs were found to be

in the way, so the camera had to be balanced on a branch,

the rope unlashed, and the saw brought into use again.

At last when everything was ready the sunhght disap-

peared ! After I had waited a quarter of an hour in a very

cramped position, the sun shone again, the birds were

tickled with a twig into a good attitude, and eight or ten

plates were exposed. Not feeling quite sure that the

camera was far enough away from the subject to be in

focus, I measured the distance and found it to be a foot

too near for the focus of the lens. So all the photo-

graphs taken, as was afterwards proved in developing,

were useless. It was not easy to get back another foot,

and retreating cautiously, I found that my weight bent

the boughs down so far that the camera could not be

held high enough to take in the picture. A happy idea

then occurred to me. I regained my former position



w
H

o
1)

<
o
c
z
o

?5
tn
w
H
m
r

>





October 1, 1895.] KNOWLEDGE 219

and turning round sat back to the birds, holding the

camera in one hand in front of me and pointing it over

my shoulder. Thus the right distance and elevation

•were obtained, and the result may be seen in the two

accompanying illustrations. It will be noticed that the

birds are very much huddled up and sleepy -looking in

both photographs, but having my back to them it was
impossible to keep them in good attitudes. In the small

illustration the bough from which the growth sprang may
be traced back to the trunk, and the general position of

the growth itself is better seen than in the large one.

A great deal of time and a certain amount of patience

are undoubtedly needed in photographing birds and beasts

from life. There are svu-e to be many disappointments,

even after an immense amount of trouble has been taken.

Nevertheless, let me urge upon field-naturalists the im-

portance of taking up photography as not only a pleasure,

but an extremely useful adjunct in their pursuit.

To pass on from photoi^'raph to subject, it may be said

that the kestrel hawk,* which is a tolerably common bird

in the British Isles, will no doubt increase in numbers
now that farmers and gamekeepers are beginning to under-

stand its usefulness. Just as there are " rogue " elephants,

so there are " rogue " kestrels. These will go into the

pheasant held and take the young chicks. But it has

been well said, " Never shoot a kestrel unless you see

it in the act of doing damage."
The usual food of the kestrel is composed of rats, mice,

small birds, beetles and other insects, and of the first two
it destroys great numbers. Its graceful movements in

the air when in search of food demand admiration from
everyone. Hovering over a field, suspended as it were in

space, it seems fixed and motionless but for the rapid

beats of the wings. This feat, which has won for it the

name of " windhover," is by no means an ordinary one.

Few birds, and no other British hawk, can accomplish it,

and the kestrel itself would be unable to hover, did it not

make use of the wind, however little there may be stirring.

When in the act of hovering, it invariably has its head to

the breeze ; and its body is placed at such an angle,

according to the strength of the wind, that the bird is

stationary in space. The forces of the wind and
wings meet and balance each other, while both help
in counteracting gravity. It will be noticed that on a
very windy day the kestrel's position when hovering is

almost parallel to the ground, while on a very still one it

is almost vertical. From its elevated position it takes in

the surrounding land at a glance, and the smallest mouse
in the grass beneath will not escape its keen sight. With
a downward swoop it drops on its prey like a stone, and
transfixes it with its sharp talons before escape is possible.

One of the most striking sights in bird life I have ever seen
was the action of three kestrels as they hunted a mouse-
infested wheat stack. They hovered above it with the
sides well in view, and every time a mouse incautiously

appeared at the edge, one of the birds dropped down upon
it, and, clinging to the side for a moment. Hew ofi' again to

devour the captive in a neighbouring clump of trees, from
which it soon returned to renew the hunt.
The kestrel very rarely builds its own nest. A hole or

a ledge in a clift' or quarry is a favourite site in many
districts. In woods it uses a hole in a tree or an old or
deserted nest of a crow, magpie, or some such bird, in

which to lay its eggs. These are five or six in number,
thickly speckled with rich brown. The yoimg are at first

covered with down, and when in this condition they are
harmless. Nevertheless, they place themselves in all sorts

* Faleo finnujiculus.

of defensive attitudes. To lie on their backs with open
mouths, and tear at the intruder with their claws is a
favourite position, while at other times they stand up in
the nest, and. Happing their wings, strike with the beak.
At all times and at every age the kestrel hawk is an

extremely interesting bird, and in captivity it forms a
most pleasing pet.

THE INTERNATIONAL GEOGRAPHICAL
CONGRESS IN LONDON.

(Continued from paye 106.)

OCEANOGEAPHY.

THIS subject was opened by Mr. J. Y. Buchanan,
F.E.S., who, after referring to the London
Congress as coinciding with the completion of

the Chdllenycr Report, proposed to look back
to the state of the oceanography before, during,

and since the great expedition, and at the direction which
investigations should take later on. On the first lino of

soundings across the North Atlantic the Chdhmjer
found the calcareous deposits limited by depth, and
discovered the abysmal ochreous and argillaceous deposits,

and peroxide of manganese was found in all of the earliest

dredgings. The limitation by depth of the calcareous

deposits suggested to Sir Wyville Thomson his solution

theory. The areometric method of ascertaining salinity

was approved, and the instruments used in expeditious,

from the time of the Cliallcnijer to the present, were
particularly described, and the possibilities in the improve-

ment of oceanographical instruments were adverted to.

The Prince of Monaco contributed a paper detailing the

recent work of his yacht the Princrsse Alice, which
had been built and fitted specially for oceanographical

investigation. Soundings are made by a cable of three

strands, each of three very fine steel wires, the whole
only one-tenth of an inch in diameter, and very flexible.

Very important zoological discoveries were made by a

deep-sea trap of wood and network, on the principle of the

lobster-pot, for many of the animals obtained by it could

not have been procured by the ordinary trawl or dredge.

It is suspended by thirty fathoms of rope, connected by a

swivel with a steel wire cable of four thousand fathoms,

in lengths of two hundred and fifty fathoms, easily

separated at any joining. This apparatus showed that

the deepest waters of the western Mediterranean swarmed
with highly organized life, and valuable biological results

were obtained in the Bay of Biscay at a depth of two

thousand seven hundred fathoms, whUe a fish, Macuius,

two feet six inches long, and some remarkable holothurians

had been brought from a depth of two thousand fathoms.

A submerged electric light for attracting specimens had

also been used with success.

A paper by Captain A. S. Thomson, R.N.E., classified

the movements of ocean water as stream currents, flowing

at the surface and occasionally extending to a considerable

depth ; counter currents, which return the excess of water

conveyed away by the induction of the stream currents
;

drift currents, due to winds blowing continuously more or

less in the same direction ; and perimlic and sidi-surface

currents. Sub-surface currents form an important factor

in oceanic circulation, and offer a rich field for scientific

discovery. Evaporation is the chief cause of oceanic

circulation. In the trade-wind regions, from each square

inch of surface in twenty-four hours, a cubic inch of water

evaporates, and the current chart of the world shows that

the principal surface currents circulate round the areas
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where evaporation is greatest. TLie westerly equatorial

flow is not directly due to the impelling force of the trade-

winds, for if all friction between the sea-surface and the

trade-winds were removed, the general oceanic circulation

would continue much as it does now. It is possible that

the angular velocity of the sea-surface is diminished by the

moon's unequal attraction to a greater degree than is the

velocity of the solid globe. If the velocity of rotation of

the ocean has been diminished one-thousandth part more
than that of the earth, it would account for the westerly

motion of the ocean surface in equatorial regions. Wind
is not necessarily the cause of the current observed along

with it. As local disturbances of equilibrium are every-

where occurring at the surface of the ocean, if the local

current tending to restore equilibrium flows more or less

with the wind, it will do so as a surface current ; if it has

to force its way against the wind, it will flow as a sub-

surface current. The author urged owners of large yachts

to combine to make thorough observations of currents on
a particular region at particular times.

Prof. W. Libbey, D.Sc, read a paper on " The relations of

the Gulf Stream and the Labrador Current," which are

especially important as bearing upon the migrations of

schools of fish. The region off the southern coast of New
England was chosen for this inquiry, and the 50° F. curve

of temperature was a most interesting one. The upper and
lower waters were dealt with separately. Uppei-

:

—The
boundary between the cold and warm waters at the surface

is very seldom a vertical straight line. The winds sway
the surface waters of these currents one way or another,

it may be for miles, just as they may retard or reinforce

them in their general direction. The winds here are of

two classes, south-easterly and north-westerly. The
tendency of the former is to drive the surface warmer water

towards the coast, and above the colder Labrador current,

while that of the latter will have the opposite efl'ect.

After allowance is made for other factors, the winds are

the most active causes of the variations here. By the

accumulation of variations in one direction, it is possible

that the boundary may be carried far from its normal
position. Loiret- portion:—Though the lower waters are

affected mainly by the larger factors in oceanic movements,
yet the cumulative effect of minor impulses will be felt by

them, but the changes in the lower waters will be less rapid

than in the upper. Neither the 45° line nor the GO^ line

showed any great deflections, thus apparently indicating

that they are usually well within the boundaries of each

of the main bodies of their respective currents. In the

spring of 1882, the sea from Cape May to Nantucket

was covered with millions of the tile-fish [LopholatHm
chamieleonticeps), dead or dying, and this fish has not since

been found there, although the author caught it south of

Martha's Vineyard. This is accounted for by changes of

temperature affecting the sea bottom in certain areas to

the injury of a fish probably tropical in origin. The dead

bodies of the fish came to the surface in a long, crescent-

like curve, which followed the line of the edge of the

continental platform between Cape May and Nantucket.
'

' Geographical Societies and Oceanography '

' was the title

of a paper by Prof. J. Thoulet, in which societies were

urged to pay greater attention to the geography of their

respective regions, and, more particularly, societies in

towns near the sea were recommended to undertake the

compilation of information relating to the oceanography
of their adjacent seas.

Prof. Otto Pettersson described the details of a proposed

scheme for an international hydrographic survey of the

North Atlantic, the North Sea, and the Baltic, which he,

in conjunction with Dr. G. Ekman, had drawn up ; and

Mr. H. N. Dickson read a paper on the circulation of waters

on the east coast of Great Britain, which gave the results

of the work done by the Jackal expedition of the

Fishery Board of Scotland, despatched in 1893 in con-

nection with Prof. Pettersson's scheme. The fact that

water of the highest salinity is not found at the surface

near the eastern coasts of Great Britain points to an

extremely complex process of mixture taking place at

lower levels.

A paper on the counter-current, "El Nino,'' on the coast

of Northern Peru, was read by Senor F. A. Pezet. Great

uncertainty exists as to the cause or causes of this current,

which exercises a great influence on the climatic conditions

of the coast of Northern Peru, and it seems certain that

the great rainfalls in the otherwise rainless regions of Peru

have been due to the current. A closer investigation of

the subject is, therefore, most desirable.

AFRICA.

Sir .John Kirk's paper was on " The Suitability of

Tropical Africa for Development by White Eaces, or under

their Superintendence." Though dealing with the whole

of Tropical Africa, the paper was more especially devoted

to those portions occupied by England, with the object of

inviting discussion, and considered (1) the possibilities of

colonization proper
; (2) the establishment of European

settlements in places permitting of temporary residence,

or more permanent residence by a very limited number of

Europeans
; (3) the means whereby the native races may

themselves be taught to aid in the development of the

country. The introduction of steam-power and improved

firearms, and the opening of the Suez Canal, had
reversed the causes that led to the seclusion of Africa—

•

internal misrule, the slave-trade, an inhospitable coast,

absence of ports, exposure to adverse winds and ocean

currents, and a bad climate—from which the Arabs,

Persians, and Indians had an advantage. The Sahara in

the north and distance in the south also were adverse, but

the time has now come for Europe to open up Africa, and
by modern agencies to develop it and teach the negro to

assist in its development. Five conditions are necessary

for success, viz. : (1) the climate must approximate to that

of countries already settled by Europe
; (2) aggravated

malaria must be absent
; (3) the country must be capable

of supporting Europeans, and must also ofier additional

attractions
; (-1) these conditions must extend over an

adequate area, so that the colony may be sufficiently large

for self-defence, etc.
; (5), a rapid means of transit through

the unhealthy zone must be found. All maritime zones, and
districts below five thousand feet elevation, are useless for

colonization, but in the central plateaux the climate

compares favourably with that of countries already settled

by the white races. Early unfavourable experience is no
criterion, as original conditions can be greatly improved

by the resources of civilization. The healthy plateaux are

fertile. On the other hand, healthy districts are sometimes

rendered unsuitable by being broken up by intervening

belts of malarial country or river valleys, but steamers

and railways will give rapid access to the healthy areas.

The suitable localities are few. All West Africa is im-

possible of colonization, except German South-West Africa,

which probably has a good climate and minerals but lacks

harbours. Matabelelaud, and probably the high plateau west

of Nyassa and Batokaland, fulfil the desired conditions.

Masailand, with a railway, and Abyssinia, are the only

other possible districts. Settlement apart from coloniza-

tion is, however, everywhere possible, with periodic change

to Europe and hill-stations. The increase of the native

races will be a danger that must be guarded against.

Small colonies of British Indians will afford object-lessons
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that will tend to raise the negro and furnish allies to the

whites, while giving skilled labour in the hot districts.

The negro is an eager and ready imitator.

Count von Pfeil, in a paper on " The Development of

Tropical Africa," contended that success depended on
three conditions. (1) A thorough knowledge of each

district must be obtained by the aid of the geographer, so

that we shall be able to tell with some degree of certainty

whether our intended pursuits, agricultural or other, are

adapted for the country or not. ('2) Much attention

should be given to the study of tropical hygiene, as a

most important means of making Tropical Africa a healthy

abode, which will be the greatest step towards colonizing

it. (3) Make the negro take a share in the labour of

ci\'Llization, which is difficult, but do not rely either on

force or setting a good example, but teach him to want
and he will work. As Nature supplies food and shelter,

there are few material wants he can be taught, so wants
must be created by removing those things from which he

suffers, but which wiU return if he does not aid the white

man and relapses into an inert state.

Mr. H. M. Stanley, il.P., though generally agreeing

with Sir John Kirk, thought his paper looked too far

ahead. The colonization of Central Africa was not yet

the question, but the making of it possible in the future

by commerce, improving the blacks, etc. When in 187tj

and 1877 he saw the Congo expanding and the shallows

increasing, he was a pessimist, for it seemed impossible

that the river could be occupied by a flotilla of steamers
;

but before the end of 1877, with further knowledge, he
wrote, " The time will come when this great river, now
known for the first time, will be an international question.''

But in founding the Congo State, they did not lose time

in studying scientific geography. He had never known a

colony founded upon scientific geography. What was
known of scientific geography by Smith, the founder of

Virginia, by the Pilgrim Fathers, by the founders of

Australia and New Zealand, or by Cecil Rhodes, who had
planned colonies so vast as to be the wonder of the

century ? The pioneer must clear the way slowly and
cautiously, ascertain if the country is livable, and employ
the instruments of civilization as aids. There were now,
in sixteen years, forty steamers on the Congo, with eight

himdred white men, by which the whole of its basin could

be navigated. Central Africa might be as livable as India or

Brazil. In the highlands of Ceylon, English families could

live healthily, and so it might be in Central Africa, which
with rapid transit, cultivation, roads, hotels, and European
sanitary arrangements, would be quite different from the

Africa of to-day. It was so with other tropical regions, and
why not with Central Afiica ? In a certain state in America
he had had more fevers than in five years in Afi-ica ; but

since then the population had increased fourfold because

they had learned the art of living, which, and not scientific

geography, was what was wanted in tropical countries.

Young men would not learn this, and so died in Africa.

He had been twenty-three years there altogether, and he
felt just as strong as if he had never been in Afiica ; and
so it was with others. Before young men from the

universities went to Africa, they should study for some
months the arts of conquering fevers, warding them oft",

and living wisely.

Count von Pfeil, in reply, said that as a pioneer he had
been a founder of a colony, that of German East Africa,

but the work of the pioneer was past, and what was
wanted now was scientific geography.

Mr. E. G. Ravenstein considered a study of African

climatic conditions to be of the first importance, and this

should be conducted in a systematic and scientific manner.

From what he knew of these conditions he would not
advise anyone to found a colony in Central Africa.

Mr. Silva White concluded that (1) Tropical Africa is,

on the whole, unsuitable for European colonization. (2) It

is capable of only a limited degree of development, as

compared with other and still undeveloped regions of ths

world. (3 ) In order to reach even this restricted stage of

de%-elopment, it is essential that the signatory Powers at

the various African Congresses should carry out in practice

the excellent enactments for which they are theoretically

responsible ; that in the absence of reliable native labour,

imported labour be introduced ; and that railways be built

from the nearest base on the coast to the chief centres of

European settlement in the interior. (4) Very few regions

are, in the absence of mineral wealth, capable at the present

day of returning a reasonable interest on expended capital.

(5) The opening up of Africa must follow the lines of least

resistance. The most favourable direction is from the

south, next from the east, and then from the west. (6)

Speaking generally. Tropical Africa may be profitably

exploited by the European Powers, provided they cordially

unite in adopting an uniform progressive programme, and
are able to solve the labour problem.

M. Lionel Decle's paper assumed that Europe's partition

of .\frica can only be excused by the good we may do

to the natives. For the natives there are only blacks and
whites, and it ought to be so with us. All our efforts

ought to be directed towards developing trade and agricul-

ture. Railways would do more towards civUization than

soldiers or missionaries, but they are costly, and take long

to build. Six feet roads, instead of native winding foot-

paths, should be opened out to begin with, and be furnished

with a good supply of water every ten or fifteen miles.

Along these roads, at intervals of one hundred or one

himdred and fifty mUes, small trading stations should be

estabhshed, with market places and fixed market days.

The native labourers should be paid in cash, and a ciu-rency

introduced. Traders to establish stations might be sub-

sidized and provided with six armed policemen for each

station, and an escort of soldiers to accompany caravans

to and from the coast. Elephants should be protected,

both for ivory and to serve as beasts of burden, and an

international commission should settle disputes between

the Powers.

SlatLn Pasha said that, during the sixteen years he had

been in Africa, many regions had been made accessible to

civihzation. In most of these, from the establishment of

mihtary posts, trade is becoming more active. From the

east and the west, England, Germany, France, and Italy,

are on the point of joining hands in Central j\.frica.

Tribes formerly quite wild are beginning to respect the

advancing Powers, and some are contemplating alliances.

The Soudan, in the middle of Africa, which no European

can now cross, was for sixty years open to civilization,

and in Khartoum the Powers had their representatives,

while travellers of all nations could pass through the region

safely. By the aid of religious fanaticism, Mohammed
Akmed united the tribes and overthrew the Egyptian

government. Khartoum fell, and with it its bravest

defender, General Gordon, but the greater part of the tribes

of the Soudan now desire to be freed from the oppressive

rule of the Mahdi. Slatin Pasha then gave an interesting

accoimt of his escape from his eleven years of captivity.

Mr. H. M. Stanley, replying more especially to Mr.

Ravenstein and Mr. White, said, despite all the theorists

and pessimists, Africa was bound to be opened up. Africa

had been cursed by the sand of the Sahara and by slavery,

and now it seems as if it is going to be cursed by an army

of pessimists.
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M. Victor de Teniant presented a paper on " French
Africa, its present and future," in which it was maintained
that French settlements were not merely strategical

positions but genuine colonies. The geographical position

of France compels her to devote her attention to Africa,

and her aim, like that of England, is to develop the

resources of that continent. The Sahara will be trans-

formed in time by means of the development of the frmge
of valuable areas around it. The conquest of French
Africa will be effected by economic and scientific, and not
by military means, and two of the contemplated operations
are the raising of the low-water mark of the Eiver Senegal,
and a trans-Saharan railway.

General E. F. Chapman, in a paper on " The Mapping
of Africa,'" gave a sketch of the progress of topographical
surveys there, and urged their extension. Travellers

would do more useful work by sketching areas rather than
lines of road, and suggested that information respecting
places fixed astronomically should be published, and that

concerted steps should be taken to fix more points

with the requisite accuracy. By the telegraphs many
important places may be fixed from time differences, and
thus a large number of satisfactory determinations of

longitude may be obtained within a comparatively short

time.

Mr. Silva White read a paper on a crestographic map
of Africa, in which a new system of cartographic
expression is introduced, indicating political as well as

physical factors by which the comparative value of African
regions to any European Power is shown by "cresto-

graphic " curves. Thus are brought out into high relief

the areas of highest resistance against European domina-
tion, and the areas of highest relative value to the

European Powers, indicating, therefore, the lines of least

resistance against European domination in Africa.

IjIMNOLOGY.

Prof. F. A. Porel's paper on "Limnology as a Branch
of Geography" contended that the study of lakes is a

science, and a distinct branch of geography, for a lake is an
isolated and distinct geographical individual with its own
peculiar chemical conditions, its own inhabitants, its own
littoral, pelagic, and deep societies of organisms. Limno-
logy is well adapted for specialization, for its study comprises
hydrography, geology, petrography, hydrology, climatology,

chemistry, temperature, optical properties, and biology.

A paper by Dr. H. E. Mill, on " The Limnology of the

British Islands," after referring to the occasional and
unsystematic study of lakes in the past, gave instances of

the exaggerated ideas of the depth of lakes that were

common. Loch Morar, one thousand and eighty feet deep,

is the deepest lake in the British Islands, while in an
extensive area of Derwentwater, said to have depths of

forty fathoms, it was found that two fathoms was the

maximum. A large number of temperature observations

have been made in Loch Lomond and other neighbouring

lakes, and measurements of lake-level are observed at

Derwentwater, Loch Katrine, Thirlmere, and the artificial

lake, Vyrnwy. The depth of many lakes has been officially

ascertained, and as a result of the soundings made by the

author and Mr. Heawood in 1893-4, on Windermere,
Ullswater, Derwentwater, Bassenthwaite, Buttermere,

Crummack Water, Ennerdale AVater, W^astwater, Coniston

Water, and Haweswater, the sub-lacustrine contours of

about twenty square miles were determined, and are now
being placed by the Ordnance Survey on the official maps
on the scale of six inches to one mile, and they are

published in the Oeoyi-nphica} Journal for July and August,

1895.

M. Paul Vuillot contributed a paper on the Niger

lakes which had been discovered through the French
occupation of Timbuktu. Lake Fagibine is fifty-five

miles long, with a maximum width of fifteen miles, and
communicates by a narrow passage with Lake Tele, which
extends south to Gundani. Their hydrography is peculiar.

The waterway connecting the lakes with the Niger has a

current, the direction of which varies according as the

water is higher in the Niger or in the lakes, thus forming

a natural reservoir for storing flood water, and maintaining
the current of the river in the dry season. There is a

third lake, called Dauna, south of Lake Fagibine, but it is

only known from native reports.

A VOYAGE TO VICTOEIA LAND.

The subject of Antarctic Exploration was resumed by a

paper by Mr. C. E. Borchgrevink, giving an account of his

voyage to Victoria Land in the Antmctic. As the

expedition was for whaling, few instruments could be taken.

Melbourne was left on September 20th, 1894, and they met
with their first snow on October 18th, on the night of which
day there was a magnificent aurora. An immense barrier

of ice, forty to sixty miles long, was sighted on November
6th. With level top and perpendicular sides, it attained

an elevation of six hundred feet above sea level. At 55°

S. the albatross and Cape pigeon had left them, but not the

stormy petrel. On December 7th the edge of the pack
ice was seen, and they then shot their first seal. Subse-

quently multitudes of marine animals were seen. Belenny
Island, with its lofty peak of twelve thousand feet, in

04° 44' S., was seen on the 14th, and the sun was just

touching the horizon at midnight on Christmas eve. On
the 2Cth the Antarctic Circle was crossed, and on January
14th, in 69° 55' S., they came again into open water, after

having spent thirty-eight days in working through the

pack. Cape Adair, on Victoria Land, in 71 23' S., was
sighted on the l(;th. The cape consists of a square mass
of basaltic rock, three thousand seven hundred and seventy-

nine feet high, and from it the coast extends to the west

and south as far as the eye can reach, with ice-covered peaks

that rise to twelve thousand feet, and glaciers so numerous
that twenty were counted close to the Bay of Adair.

Possession Island, in 71° 50' S., on which Boss had landed

fifty-four years before, was found to be covered with a thick

layer of guano, and to consist of volcanic rock rising to three

hundred feet, with vegetation at thirty feet above sea level,

while the surface was remarkably free from snow. On the

22nd they reached 74° S., and then turned north and landed

next day on Cape Adair, the first landing on Victoria Land,
when penguins were found to be abundant up to one

thousand feet above the sea. Temperature observations

showed a minimum of 25° F. and a maximum of 46° F.,

while the water in the ice pack was 28° F. ; but at South

Victoria Bay it was above freezing point, showing a warm
north-running current. Within the Antarctic Circle the

barometer at 29 always indicated calm and beautiful

weather. A specimen of rock of quartz, felspar, and
garnets, pointed to economic minerals. An expedition

could safely winter at Cape Adair, where everything

indicated less rigorous conditions, and where meteoro-

logical observations might advantageously be made. He
was willing to lead a land-party to work to the South

Magnetic Pole. An expedition ought not longer to be

delayed, since the scientific results might be of the greatest

importance.

Dr. John ^Murray thought the importance of the paper

could not be exaggerated. Tho interior of Victoria Land,
being a high pressure area, might have greater evaporation

than precipitation, and it was possible there might be an

annual vegetation.
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GEOGRAPHICAL ORTHOGRAPHY.

Mr. G. G. Chisholm, M.A., read a paper on " The
Orthography of Place-names," in support of the proposal of

the Congress to appoint a committee on the subject. Such
a committee would have to consider, firstly, how far it is

desirable to adopt the principle of transliteration m place

of phonetic writing, for the Kussian and Greek present

peculiar difficulties in the way of adopting the phonetic

principle. Again, what signs are to be used for certain

sounds which have no exact equivalents in the scheme of

orthography to be employed .' What, too, is to be under-

stood by the " local pronunciation "—that usually heard at

the place, or that of an educated speaker of the country ?

In China different dialects are spoken by the educated over

wide areas, and the peculiarities of one or other of these

dialects are frequently extended to the writing of all

Chinese names.
Dr. .J. Burgess followed with a paper on " Geographical

Place-names in Europe and the East."

A paper was then read on " The Transliteration and
Pronunciation of Place-names," by Dr. G. Eicchieri, who
dwelt on the importance of uniformity.

C-VRTO(;raphy.

General Sir Charles Wilson brought up reports on
Prof. Penck's proposal for a map of the world on the

scale 1 : 1,000,000, which scale was approved, and it was
recommended that the sheets be limited by parallels and
meridians, and that the projection be trnnconiijue. The
size of the sheets is of less importance, and so left to

discussion, but the meridian of Greenwich and the metre
as the unit of measurement were approved. Prof. De
Lapparent favoured the reports, but Mr. Eavenstein

thought Great Britain, Russia and the United States

would not issue maps with the metre for a unit. Prof.

AYagner thought the time had not yet arrived for such a

map, and Prof. Schrader expressed an opinion entirely in

its favour.

A report from the Geographical Society of Marseilles

was presented by MM. Fabry and Leotard, expressing

approval of the proposed map and submitting various

desiderata

.

M. Elisee Eeclus submitted the following proposals for

the construction of a globe on the scale of 1 : 100,000.

(1) Take stock of existing well-made relief plans on scales

not smaller than 1 : 100,000 : (2) reduce them to the

scale of 1 : 100,000, with the real proportions in height

and place
; (3) complete them by construction of relief

maps of the intermediate regions ; (4) proceed to the

construction, at one of the great centres of the world, of a

spheroid of 1 : 100,000, showing correct relief of countries

surveyed, and approximate relief of the rest of the surface ;

and protect the spheroid by a covering giving the true

external appearance of our planet, and furnish it with
fittings to facilitate study and general use.

Signor Cesare Pomba proposed that the construction of

terrestrial globes in relief shall be discontinued : that all

globes shall be constructed on a scale of an even number
of milUonths of natural size, the numerator of which is

divisible by two, five, or ten, and that all globes shall, like

maps in sheets, show the scale with the corresponding
diameter and circumference.

Herr Fritzsche described the method of cartography
employed in executing the Siegfreid-Lochman map, which
has been called the map of the future, and which combines
artistic nith geometric methods of representing land foi'ms.

The forthcoming new ethnographical map of Europe
was described by its author, Herr V. von Haardt. It will

be on the scale of 1 : 3,000,000, and measure six feet eight

inches bv five feet ten inches.

SPELJEOLOGY AND MORPHOLOGY OF THE EARTH.
" Spelseology, the Science of Caverns," was the title of a

paper by Mons. E. A. Martel. The scientific investigation
of caves dates only from the end of the eighteenth century,
when it was first undertaken for pahBontological purposes.
Although much good work has been done in the British
Islands, Moravia, Hungary, the Karst, and in France,
there is still much room for improvement in the methods
of investigation before speleology can lay claim to rank as
a science. Ahbnes, or swallow-holes, were described, and
it was shown that spelasological investigation would be
of value to many branches of natural science, and even in

England and Ireland much remains to be done by British

speleologists.

Prof. Penck read a paper on " The Morphology of the
Earth's Surface." The morphology of the earth's surface,

like that of living beings, has to do with forms which are

subject to constant changes. The problems dealt with
are, therefore, not stereometric but essentially genetic.

Changes in the form of the earth's surface result (1) from
removal of material, " erosion," which is "true erosion

"

when at the points of the greatest application of force, and
" denudation " when at the points of least resistance

;
{'!)

from addition of material, "accumulation"; (3) from
movements of the earth's crust, " dislocation," through
faulting or folding. From this change are ( 1) the formation
of new portions of surface, or the deposit of material on
existing surfaces

; (2) the destruction of existing surfaces

by removal, or covering with new matter ; (3 1 the alteration

of existing surfaces so that they acquire a new character,

as in the transformation of a plain into a mountain slope

by folding.

Papers and reports were also presented to the Congress
on the following subjects :—Bosnia and Herzegovina ; the
limits of Continents ; exploration in New Guinea,
Australia, and Madagascar ; climatology of Portuguese
and Spanish Colonies of West Africa ; the sea route to

Siberia : life and works of Cassini de Thury ; the geo-

graphical element in evolution ; fundamental lines of

Anatolia and Central Asia ; the most northern Eskimos
;

ancient charts ; mediseval manuscript maps ; study of the

Basques; an international cartographic association ; laterite

and red-earth in India and Africa ; the Pyrenees and the

new methods of surveying ; the Spanish Sierra Xevada ;

the definition of geography as a science ; geography and
the economic and agricultural crisis ; an international

bibliography of geography.

Eesolutioiis were approved by the Congress respecting

the retention of office by officers of the Congress, geo-

graphical publications, method of writing foreign names,
the majjping of Africa, Prof. Penck's proposed map of the

world on the scale of 1 : 1,000,000, cartographic catalogues,

survey of the Baltic, North Sea, and the North Atlantic
;

an international observation of earthquakes, geographical

education, registration of literature, dating of maps, and
the decimal system.

The next meeting of the Congress was fixed to be held

in 1899 at Berlin. It was announced that there would be,

in 1897, a colonial exhibition in Portugal, in commemora-
tion of the five hundredth anniversary of Vasco da
Gama.

The Congress was concluded on Saturday, August 3rd,

by a report on its proceedings by the Chairman of Com-
mittees, Major Darwin, and a valedictory address from the

President, Mr. Clements Markham, congratulating the

members on the success of the meeting, and expressing

the hope that their deliberations would be of great value

to geographical science.
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LIGHTNING PHOTOGRAPHS.

Photograph taken during the storm of August 22nd, 1S9.5

A number of interesting

been taken during the

severe thunderstorms of

this summer. The first

of the two which are

reproduced in Know-
ledge this month was
talien by Mr. George
Primavesi, at Tooting,

during the storm of

Thursday, August 22nd,
at about 9 p.m. The
plate was exposed for

one second only, and
during that time but one
flash occurred, which,
as will be seen in the

photograph, was much
distributed. The second
photograph was taken
by Mr. H. J. Adams, at

Beckenham. Although
a much smaller flash,

it is an exceedingly

vivid one.

photographs of lightning have

Photograph of a vivid ilash taken at

Beckenham.

COAL MINE EXPLOSIONS AND COAL MINE
FIRES; THEIR OCCURRENCE AND
SUPPRESSION.

By D. A. Louis, Metn. Fed. Inst. Min. Eny. ; Mem. N. of
Eng. Inst. Min. Mech. Ewj. : Mem. Aiiier. Inst. Min. En<j.

:

Mem. Min. Assoc. ((-Inst., Conuratl ; A'c.

BESIDES sharing with other kinds of mining many
of the risks incident to such operations, coal

mining is, im fortunately, distinguished by having
dangers peculiar to itself. These dangers arise

from the character of the material mined, which
exhibits inflammability, friability, porosity, and pronc-
ness to association with combustible gases. The last of

these is the primary cause of all fire-damp explosions,

whilst to the other three we may look for an explanation

of coal-dust fires, and for spontaneous combustion in

coal mines.

These three phenomena—fire-damp explosions, coal-dust

tires, and spontaneous conflagrations—may be regarded as

pertaining particularly to coal mines ; for, although gas

explosions occasionally occur in metalliferous mines, such
occurrences are rare. One or other of these phfinomena is,

moreover, accountable for nearly all the calamities that

have ever befallen mankind in the pursuance of such
industrial operations. Consequently, coal mining is very

generally regarded as a particularly unattractive and
perilous occupation, and really this is not to be wondered
at, when one pictures the scene of a coal mine explosion^a
labyrinth of narrow passages pervaded by a pernicious

atmosphere, deep under the ground, only accessible from the

surface by one or two holes of comparatively insignificant

horizontal dimensions, but of great depth, the only illumi-

nation from feeble lamps scarcely equalling a candle in

power. Under such circumstances the sudden and appar-

ently unaccountable appearance of one of the catastrophes

—a gas explosion, for instance—presents a truly awful
picture, with its irresistible rushing current of flame,

smoke, and debris, carrying merciless destruction wherever
it can gain access ; this being succeeded by utter darkness

and a poisonous atmosphere, that asphyxiates those who
have by chance survived the force of the explosion-wave.

But in spite of the truly terrible character of explosions,

and the apparent unattractiveness of the occupation, coal

mining, as a matter of fact, as carried on in the majority

of mines now-a-days, is not particularly perilous, and, so

far from being unattractive, even exerts a kind of fascinating

influence over many people. The writer of this paper is

acquainted with many individuals who really delight in

working in coal mines. In well-conducted mines, and
where circumstances permit, the passages are neither

tortuous nor very low, the atmosphere is excellent, and the

surface can be reached in a shorter time than it takes

to reach the upper part of a house of three stories ; while

the chances of an explosion are reduced to a minimum, so

that such occurrences are rendered as near to impossible

as human eflbrts can make them. This comparative safety

is attained by paying rigorous attention to all the points

that scientific investigation has from time to time indi-

cated as necessary, and to which attention will be drawn
later on.

Coal mine explosions have occurred ever since mining
operations have been followed underground, and, un-
fortimately, we still find them occurring, for but recently

have we not read with horror the account of the explosion

at the Albion Mine '? Such disasters have naturally

always awakened strong feelings of sympathy and terror,

and emphatic demands for investigation ; consequently

they have been the subject of constant inquiry. Their
consideration has been the object of much labour of

commissions and committees, both British and foreign,

and they have provided a field of perennial fertility to

numerous investigators in practical science, ambitious of

earning distinction for themselves and at the same time of

doing good to mankind.
In perusing many of these records one is struck with

the positiveness of the statements made, and with the

remarkable diversity of the opinions expressed, so that

one cannot help thinking that to this has been due the

long survival of coal mine explosions. We can, perhaps,

never altogether prevent mining disasters, but provided

we have unanimity in the views as to what is and what is

not dangerous, adequate precautions could and would be

undoubtedly adopted everywhere.

Fire-damp explosions and spontaneous conflagrations
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have attracted attention ever since the early part of the

seventeenth century, whilst the recognition of coal dust as

a significant factor in coal mine catastrophes is of

comparatively recent date.

Fire-damp explosions were the first to receive the

attention of a scientific society, and there is a record of a

gas explosion in a mine in the Philosophical Transactions

of the Royal Society in the year 1677.

At that period, however, miners generally ascribed the

presence of noxious gases in mines to supernatural agencies,

and strange and remarkable papers appeared from time to

time in various journals on the subject. As one result of

these inquiries, it became known that the tire-damp explo-

sion was caused by a flame coming in contact with the

mine gas. As it was impossible to work in a coal mine
without light, either some means had to be found to get

rid of the gas in fiery mines, or the mine had to be

abandoned. One method adopted was to draw air from
the surface to take the place of the dangerous air. Thus
we find, as early as the middle of the seventeenth century,

that a fire in a special air shaft was used for this purpose.

The air became rarefied in this shaft, and so upset the

equiUbrium that existed, the denser air in the working
shaft ran down into the mine, sweeping the gas -laden air of

the mine before it, and forced it into the air shaft, where
it, in its turn, became rarefied and found its way upwards
to the open air. This method of dealing with fire-damp is

still in use in some mines, but, instead of a mere fire,

furnaces are employed as the source of heat, and pre-

cautions are taken to prevent any explosive air from the

mine becoming ignited, and so causing disaster. Later
on, the idea suggested itself of destroying the fire-damp by
burning—a practice still in vogue in some few places

;

whilst, during the latter half of the eighteenth century,

chemical means were suggested for achieving the same
object.

But about this period Spedding had discovered that fire-

damp really did not catch alight so readily as had been
supposed ; that, in fact, the temperature at which it

ignited was relatively high, actual flame being required to

ignite it, and mere red heat being insufficient for the

purpose. Up to this time we have seen that the treatment
of the fire-damp question was restricted to the elimination

of the fire-damp, and that no attention had been paid to

the character of the light employed. This discovery of

Spedding opened up a new field, and led to the invention

and introduction of his steel mill, which is illustrated

in the next column.
It consisted of a metal framework carrying a steel disc,

which was mounted on a horizontal axis, having attached
to it a pinion, whilst a spur-wheel was mounted on a
second horizontal axis so as to engage the pinion. The
spur wheel was set in motion by a cranked handle, and
caused the rapid revolution of the steel disc, against
which a piece of flint was closely held, and the shower of

sparks thus produced provided the illumination, which was
intended to be of sufficiently low temperature to prevent
the ignition of fire-damp. This light, however, proved
feeble and fitful, and by no means safe. But attention
had now been drawn to the advantage of employing some
means of preventing the ignition of fire-damp. Hence it is

we find lamps introduced by Humboldt in 1796, and Clanny
in 1806, in which the air necessary for supporting the
combustion of a candle or oil flame had to bubble through
a layer of liquid on its way to the flame, thus isolating

the flame from the air in the mine. In some other lamps,
also, the products of combustion had to pass through a
layer of liquid.

Such lamps, however, were awkward to manipulate.

cumbersome and unsuitable for coal mining, and although
this was a move in the right direction, yet a satisfactory
means of illumination, coupled with non-ignition of the
fire-damp, had not been discovered. The question of the
ignition of the fire-damp was, however, soon attacked by
Sir Humphry Davy from another point of view—that is, as
to the circumstances attending an explosive ignition. It

The Steel MiU.

was he who found that the fire-damp alone would ignite

without explosion, and that even when mixed with varying

proportions of air up to eighty-five per cent., it did not give

rise to explosion, whilst with more air it became explosive,

increasing in violence as the percentage of air became
greater, until the air constituted eighty-nine per cent, of

the mixture, but fi'om this point onwards the explosiveness

of the mixture dimmished until it contained ninety-four

and a quarter per cent, of air, when it again ceased to be

explosive, and with larger proportions of air either burnt

quietly or not at all. The most dangerous proportions he
found to be eleven to twelve per cent, of fire-damp.

It now became generally admitted that gas explosions

in mines were due to air containing from about five to

fifteen per cent, of fire-damp becoming ignited by contact

with flame or intensely heated gas, and thenceforth the

question, which had hitherto been treated in a haphazard
manner, could be dealc with in a rational way. Two
problems were thus presented for solution.

Firstly, how to dilute the treacherous atmosphere of a

mine below the dangerous limit, and secondly, how to

light the mine without running the risk of igniting the

gas. These problems alone have furnished an inexhaustible

supply of work for the investigator and inventor.

The method of treating the first of these problems was
to induce more external air to enter and circulate through

the mine, and this led to the introduction of various

means to supplant the furnaces already alluded to, and
we find steam jets, piston air pumps, rotary air pumps, etc.,

employed in their turns with varying degrees of success.

At the present time fans are the means almost universally

adopted for forcing in, or drawing through, the coal mine
the requisite quantity of air for keeping the atmosphere

below the dangerous limit of combustibiUly.

It is sufficient to note here that these fans have betn
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brought to an advanced stage of efficiency. An idea of the

improvement in this direction may be gathered from the

fact that in the early decades of this century, the currents

of air, in what were then considered well-ventilated mines,

travelled at a rate of about five feet per second, or a mile

in seventeen and three-fifth minutes, whilst in our days,

currents travelling thirty feet per second, or at a rate of a

mile in less than three minutes, are found in parts of

mines. Obviously currents of such high velocity are neither

required nor sustained throughout a mine—in fact, the

miners would probably disapprove of working in a stiff

breeze—but such currents are nevertheless encountered,

whilst some notion of the immense quantity of air that

modern fans are capable of dealing with will be obtained

by reference to examples furnished m a recent number of

the Tninsactions of the Federated Institution of Mining
Engineers (Vol. VI., p. 180) ; there we find descriptions of a

, fan, capable of propelling more than one hundred thousand
cubic feet per minute, or sufficient air to change the

entire atmosphere of Westminster Hall thirty times an
hour.

It can well be imagined that the question of dealing

satisfactorily with this small artificial storm is one of

great importance to the mine manager, and has received

considerable attention ; indeed, the problem of diluting the

atmosphere of a coal mine may be regarded at the present

time as resolving itself into a question of the economic and
effective employment of the vast volumes of air that are

caused to sweep through the mine. It is generally admitted
that the best use of this vast volume of air is made by
' splitting " it, that is, causing it as it enters the mine to

split up, by placing at appropriate spots directing screens,

each having an aperture that can be adjusted to any desired

size ; the great main current thus becomes divided into

several smaller currents of a magnitude thai can be varied

so as to provide each section or district, into which the

mine is for the purpose divided, with sufficient fresh air

thoroughly to ventilate it. In this way the men in each

set get fresh air, and in case of explosion the disaster is

generally limited to one section only, instead of jeopard-

izing the whole mine. Then, large and straight galleries

with smooth walls cause less waste of air current than

small crooked galleries with rough walls.

The air currents are, of course, expensive to maintain,

and as it would be wasteful to have them too strong and
hazardous to have them too weak, it becomes a matter of

considerable importance that their strength should be

properly gauged. This is done by taking the temperature

with a thermometer, their pressure by means of a water-

gauge, their velocity by means of an anemometer, and
testing them for the presence of marsh gas after traversing

the workings. There is, however, some diversity of opinion

as to the proper manner and the best means of taking the

velocity and pressure, and this, therefore, is another point

in the ventilation question that remams to be decided, but

It is satisfactory to find that difterences of opinion as regards

the diluting problem are restricted now to what may be

regarded as refinements and not of vital importance.

Therefore we may regard the present position of this

point of our subject as satisfactory.

Referring now to the second problem, namely, how to

light the mine without running the risk of igniting the gas,

it may be pointed out that gas does not always come ofl'

regularly, but occasionally may be given off in excessively

large quantities, and so for a time render the atmosphere
of a mine or district of a mine dangerous ; this is quite

sufficient to demonstrate the need of considering the

second problem.

This problem, like the first, was scientifically attacked

by Sir Humphry Davy, and although George Stephenson,
who subsequently invented the locomotive, was simul-

taneously and independently studying the same problem,
and brought out an early form of his safety lamp, called

the " Geordie," yet to Davy is due the invaluable dis-

covery that the explosion would not pass wire gauze. This
was in the year 1815, and since that time a vast amount
has been done by a host of experimenters and discoverers

towards the elucidation of this problem— indeed, so much
thought and ingenuity have been expended on the con-

struction of the safety lamp with such fruitful results,

that any adequate treatment of it would require a separate

article ; for in spite of the multitude of such devices

already introduced, new ones are constantly appearing, but
the old principle of having gauze at the air inlets and
outlets is adhered to. In the illustration below, the old

Davy lamp and the recent Ashworth-Hepplewhite-Gray
lamp are shown side by side. The former, it will be seen,

consisted of an oil vessel A, upon which was screwed a
ring B, supporting a cylinder of gauze F, which surrounded

Sir Humphry Da^•v's Lamp. The Ashwortli-Hepplewhite-Grray
Lamp.

the flame, and had an extra gauze cap at G.; the supporting

rods I kept the gauze in place, and the top plate protected

the lamp from falling objects, and the miner's hand from
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the heat of the lamp. The other lamp is shown in section.

The flame of the lamp is surrounded by glass ; but if the

course of the arrows is followed, it will be seen that the

air, both on entering and leaving the combustion chamber,
passes through gauze, indicated by broken lines.

At present it is sufficient to state that with the increas-

ing fcpeed of air currents of the improved ventilation, the

simple Davy lamp soon proved iinsafe, and has been
unanimously condemned by the various commissions

appointed to inquire into the matter in England, France,

Germany and Austria.

The Davy lamp and many of its successors gave a very

feeble light, and hence the various efforts made to improve

the Ught-giving power of safety lamps. But much increase

of lighting power never appears to be attained without the

introduction of some disadvantageous element, and it is

a question whether a safety lamp has yet been discovered

which is really efficient in all points, although there are

many that are safe under most conditions obtaining in

coal mines. Many people think that it is for electricians

to solve the problem. This may possibly be correct, but

as yet electric lamps are defective in one or two points

—

a very important one being that to which attention is now
CO be drawn—the detection of fire-damp, choke-damp, and
white-damp, in the atmosphere of coal mines, a point

which, considering the intimate connection existing between

the first of these gases and fire-damp explosions, and
between the other gases and loss of life or injury to health,

is naturally of paramount significance.

Ever since the importance of adequate ventilation has

been recognized, the advisabUity of being able to test the

atmosphere of a coal mine for dangerous gases has also

been admitted. It is well kuown that a safety lamp flame

only burns normally so long as the atmosphere is

moderately pure. When it becomes mixed with other

gases, to even a small extent, the flame of the lamp
becomes altered in appearance. It elongates, and is

surmounted by a feeble luminous flame known as a " cap,"

which increases in size with the proportions of fire damp.
Between two and a half and three per cent, of fire-damp

in the atmosphere has in this way a visible effect on the

flame of an ordinary safety lamp burning oil. As, however,

any interruption in the ventilating current, or a small

additional emission of gas, or the presence of dust, is

capable of rendering such an atmosphere very dangerous,

it has been everywhere accepted tUat it is no:essary to

keep the fire-damp in the atmosphere of dusty and fiery

coal mines below one per cent.

Fire-damp detectors of greater delicacy than the ordinary

safety lamp have become necessary, and have from time

to time been introduced. In them various properties of

fire-damp have alternately been called into requisition, in

order not only to indicate the presence of this objectionable

gas, but also to show the extent to which it is present,

even when only amounting to less than one quarter per

cent. Some of these indicators are designed to examine
in the laboratory samples of air previously collected in the

mines, whilst others indicate on the spot in the mine
itself the proportion of fire-damp present in the atmosphere.
The latter are evidently the more appropriate for daily

use, and to these alone attention will be drawn here.

Ine Pieler lamp is a large Davy safety lamp, burning
alcohol. This lamp has served well the purpose of a

delicate portable indicator of tire-damp
; but being by no

means free from danger, it has undergone considerable

improvement at the hands of Chesneau, and has been
made very much more efficient, so that the flame now
exhibits a change of colour, as well as the production

of a " cap," in the presence of gas. Yet it does not give

unqualified satisfaction, as it is a non-illuminating lamp,
and necessitates the carrying about of an extra lamp for
lighting purposes. As a matter of course this point has
received attention, and attempts have been made to over-
come this detrimental feature.

It has been known for some time that a hydrogen flame
is a still more delicate indicator than an alcohol flame.
It, therefore, occurred to Prof. Frank Clowes that by
having within an ordmary safety lamp a little burner
that could be fed as required with hydrogen, the latter

would ignite at the oil flame, which could then be
extinguished by drawing down the wick in the ordinary
way, by means of the pricker ; the amount of fire-damp,
even though it was only a quarter per cent., could then be
readily gauged by measuring the height of the cap. The
oil flame could then be re-established by pushing the wick
up, the hydrogen flame turned off, and the lamp used in

the ordinary manner for lighting. Prof. Clowes has
successfully accomplished all this in the lamp illustrated,

and provides a portable supply of
hydrogen sufficient to make a large

number of estimations of fire-

damp, the hydrogen being con-
tained under pressure in the small
steel cylinder which, when
attached to the lamp, not only
furnishes a reservoir for the neces-

sary supply of fuel for the delicate

testing flame, but also acts as a
convenient handle by which the

lamp may be held up for exami-
nation. More recently two
engineers, M. Legrand in France
and Mr. Stokes in England, have
constructed lamps on the Clowes
principle, in which, however, the

testing flame is supplied with
alcohol instead of hydrogen.

It now seems imminent that the

present position of this section of

the fire-damp question, like the ventilation section, is a

question as to which refinement shall be used in order to make
us utilize in the best manner the knowledge and appliances

we now possess, and we may look forward to the battle of

indicators to keep us posted with the most recent experiment
and results in this important section of the question.

As regards fire-damp explosions, therefore, we are at

present not only conversant with the conditions under
which they are likely to occur, but we have means provided

to prevent their occurrence— still they occur ! There are,

of course, unforeseen risks against which we cannot
provide, and which may account for some accidents ; but

still, one cannot help thinking that simple precautionary

measures should be more generally adopted, and, if

necessary, enforced by legislation.

Hvdrogen Oil Testing
Laiu)).

S>c<tn« Notes.

Madagascar (that island which is attracting a good deal

of attention at present) lies almost entirely within the

southern tropic, and is one of the largest islands of the

world, its length being about one thousand miles, and its

average width two hundred and fifty miles. The tops of

its highest mountains are not much more than eight

thousand five hundred feet above the level of the sea.

The vegetation of Madagascar may be said to be arranged

in three zones—first, the tropical plains, varying in width,

and extending inland from the sea-coast ; second, forest
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lands, of varying extent in different parts, wbich surround
the third or treeless zone in the interior. The Rev. R.
Baron, for manj- years a missionary in the island, has given
an account of its vegetation in the Journal of the LimxTan
Society. He estimates the tract of country covered by forest

to be about thirty thousand square miles, or one-eighth of
the island, but destruction of trees by the natives is taking
place with great rapidity. For example, no fewer than
twenty-five thousand were cut down to make room for the
passage of a tombstone quarried at a distant place. Dr.
Wallace, in his " Island Life" and " Darwinism, " insisted

on the diversity of the vegetable productions of Madagascar
from thcseof the neighbouringAfrican continent, but recent
researches on the flora seem to show that it is efsentially

African, although it contains a large endemic element.—.--,

—

Some time ago, one of our correspondents was informed
of " an extraordinary squirrel " to be seen in a well-wooded
part of an estate on the confines of Westmorland and
Lancashire. On interviewing the gamekeeper, who in this

instarce happens to be an intelligent naturalist, he found
that there was in the woods a squirrel of normal character,
except in its tail, which was perfectly white. After several
long and silent vigils, well out of sight, our correspondent
was rewarded with a sight of the squirrel, a male, in

company with a female. The reports had in no way been
exaggerated. The animal was of ordinary size and colour
except for its tail, which was perfectly white. This is, no
doubt, a very unusual occurrence. It was seen by our
correspondent, and there was nothing of the " cream
colour " peculiar to the coat of the squirrel later in

the year. On a neighbouring estate the squirrels have
developed extraordinary carnivorous propensities, destroying
young birds by dozens. Had they confined their depreda-
tions to ordinary wild birds, the " acquired habit " might
have become hereditary, and even infectious

; when they
attacked the young pheasants, however, their fate was
sealed, and an order has gone forth to " clear out the
squirrels." Mr. Lydekker,iu Hritish Mamiiuils, of "Allen's
Naturalist's Library," p. 171, has referred this occasional
habit of squirrels to " only a depraved taste," which,
however, does not account for its origin, or for the
undoubted fact that it is a taste more prevalent than is

generally believed, and therefore " more honoured in the
breach than in the observance."

M. Piltschikoft', in doEcribing recent photographs of
lightning, names three t)pe3 of flash—"band-lightning,
lube-hghtning, and waterspout lightning." The first two
he found to occur in all storms, the third he met with once
only. From the measured width of the band-lightning on
photographs, and the computed distance, he estimates the
actual widths to be from about fifteen to eighty yards.

Notias of Boofts.

Fi7>;ier-Prinf Directories. By Francis Gallon, F.R.R.
(Macmillan.) Three years ago, Mr. Galton gave, in his
" Finger-Prints," an account of the patterns of thumb and
finger marks, and discussed their bearings on questions of
heredity and racial distinction. In the present volume he
shows conclusively that these patterns admit of easy
classification, and offer a simple and trustworthy means of
identification. To take a pattern, the tip of a thumb or
finger is lightly rolled from one side to the other upon a
slab having printers' ink upon it, and is then pressed upon
paper or cardboard. Impressions are thus obtained of the
papillary ridges, well seen at the bulbs of the fingers and
thumbs, and the directions, terminations, and junctions of

the printed ridges can afterwards be examined at leisure by
means of a lens, and classified. It is estimated that the

chances of two finger-prints being identical is less than 1

in 64,000,000,000. Two finger-prints exactly alike may,
therefore, be safely concluded to be prints from the same
person ; hence the patterns furnish a sure method of

proving identity. The diflBculties in the way of the

application of this method of identification have gradually

been overcome by Mr. Galton, who shows in the volume
before us how finger-prints can be indexed so as to be found

as easily as a householder can be discovered by reference

to a directory. The present writer can personally testify

to the efficiency of the methods described. A few weeks
ago he went to the Anthropometric Laboratory at South
Kensington, and, after giving his finger-prints in the usual

manner, asked to be identified, as his impressions had
been taken about four years previously, and had been put

away with his name upon them. In less than three

minutes Mr. Galton's assistant had examined the new
impressions, and had picked out from more than two
thousand cards the one containing the old prints and the

name of the writer. A readier method of identification

could hardly be desired. How the result is attained may
be learned from the pages of the book under review. The
legal profession generally should add the book to their

libraries, and the prison officials, under whose direction

finger-prints of criminals are now taken, will find it

essential to the right understanding of their duties. We
would finally remark that the collection and investigation

of finger-prints is open to everyone, and with Mr. Galton's

new volume, containing fac-simLles of finger-prints and full

explanations of what they teach, a student will be enabled in

a short time to become an experienced finger-print detective.

The Mif/ration of British Birds. By Charles Dixon.
(Chapman and Hall.) Apart from the deep interest which
must be attached to any book dealing with the migration

of birds and their dispersal over the globe, Mr. Dixon's

present work should commend itself tn every ornithologist

on account of the freshness in the manner iu which the

subjects are treated. We can but admire Mr. Dixon for

his boldness in advancing new theories absolutely con-

tradictory to those already advanced and generally accepted

by other naturalists, yet we regret the way in which he
unnecessarily doubts the correctness of observations made
by men whose experience should be at least as good as his

own. The book is divided into two parts ; the first and
larger portion dealing with the dispersal of birds, and the

fecond with their migration. Mr. Dixon dwells at some
length on past geographical mutr.tions and glacial epochs,

and it is chiefly upon these and a " New Law of Dispersal
"

that he bases his conclusions. The main feature of the
book, and one which is carried all through it, is what the

author is pleased to call a " New Law of Dispersal." A
new theori/ would have been a more correct term than
" law," for we cannot see that Mr. Dixon has brought
forward a sufficient number of facts to prove the coi'rect-

ness of his "law." Briefly stated, Mr. Dixon's "New
Law " is that northern hemisphere Ep:cics of birds never
increase their range in a southern direction, and that

southern hemisphere species never increase their range
in a northern clirection. This law, says the author, is

proved by the fact that there is no immigration route (of

northern hemisphere birds) which trends south in spring
or north in autumn. But before we can recognize the
proof of the law, we have to accept as true the author's
statement that the present migration of a species is a
recapitulation of the past range expansion of that species.

With regard to the general phenomenon of migration,
which 30 many have sought to explain, we do not think
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that Mr. Dixon's theory is so happy as some others. He
supposes that the " route " is remembered and recognized

from the great height at which the birds travel by

certain landmarks, river- valleys, etc., and that it is then
" taught to the young while journeying south in company
with the old birds in autumn." But Mr. Dixon himself

points out (p. 203) that " migration progresses day and

night." How can birds see the landmarks and river-

valleys at night when they often travel, as has been

proved, at a height of two cr three miles above the earth ?

Again, Mr. Dixon tells us that birds cross the North Sea

and other wide water areas. What guides Ihem en these

occasions? Beycnd these cbjections we have it on the

authority of Herr Giilke, of Heligoland, who for more
than fifty years has watched migration from the best

station in the world, that in many species the young
precede the old birds. But Mr. Dixon seems to doubt

this fact. There is, unquestionably, some as yet un-

discovered faculty or sense which directs birds on

migration.

Although some of his conclusions are illogical, Mr.

Dixon's bock is replete with interesting suggestions and
facts, and possesses a number of valuable tables ; and, in

conclusion, we would heartily recommend it to the general

reader as a work of much interest, end to the ornithologist

8S one that deserves his careful study.

Analytka} Chemistry. By N. Menschutkin. Translated

from the third Geiman edition by J. Locke. (Macmillan.)

Menschutkin'snameisfamiliartoEnglish chemists, and
he and Mendele'eff have done much to increase foreign

appreciation of Russian investigators. The Russian
original of the present volume has been well received

in that country, and has passed through five editions,

but the translator has preferred the German edition

for presenting the bock to English readers. From a

comparison of this translation with a copy of the

fifth Russian edition, we have come to the conclusion

that the work of translation has been well done.

Some very interesting chapters in the Russian original

on the analysis of minerals, and on the volumetric

determination and separation of bases and acids, have,

however, been entirely omitted from the English

edition. Menschutkin's book fully justifies its chief

claim, I.*-., " to teach the student the art of chemical

thought." The very clear system of classification, and
the lucidity of the details, make it an indispensable

text-book for the beginner as well as a most useful

book of reference for the advanced student of chem-
istry. It is to these two main features that its wide

circulation all over the Continent, and especially in

the universities of Geimany, must be attributed.

In gravimetric determinations, the basic precipita-

tion for the separation of the metals of the III. group

is not treated as fully as it deserves, and no mention
is made of the quantitative estimation of lithium,

though it is very essential for the analysis of mineral

waters. Some minor errors have been found in some
of the melting and boiling points (pp. 90. 125, 14.5,

149, 205, 225). Of greater importance for the piactical

analyst are a few errors as to the solubility of some
of the salts (pp. 82, 135, 140, 182, 193, 208).

Drawings of apparatus are very much missed, since

they wou!d have added considerably to the convenience

of the book.

John Ikilton and the Bise of Modem Chemistry. By Sir

H.E.Roscoe.F.R.S. (Cassell&Co.) The name of .John

Dalton is known and revered throughout the scientific

world. By the discovery of the laws of chemical
combination, and the foundation of the atomic theory.

he established chemistry as an exact science, and reduced to

order the chaos of facts concerning the reactions between
diii'erent substances. The story of the work of this giant

among the sons of science is the story of one whose life

was devoted to the extension of natural knowledge. As a

man, his character was full of interest ; and as a chemist,

his work commands the admiration of all scientific students.

Born on September 6th, 1766, at Eagleffield, Cumberland,
Dalton attended the village schools there until eleven years

of age. A year later he opened a school of his own, and
from that time up to his death he earned his living by
teaching. His earliest observations were of meteorological

changes ; and the instruments he used in these first

beginnings, as in his later scientific work, were home-made.
Not until 1793 did he become connected with Manchester,
in the town hall of which a life-size statue of him faces

one of .Joule, who is to modern physics what Dalton is to

chemistry. After serving six years as tutor in an academy
at Manchester, he resigned his post, and, while working as a

private teacher, devoted his spare time to scientific inquiry.

Limits of space prevent us from tracing the work that led

to the atomic theory, which is the foundation-stone of

chemical science. At the end of an essay read before the

Literary and Philosophical Society of Manchester in 1803,

a table was given " of the relative weights of ultimate

particles of gaseous and other bodies." This was the first

published table of atomic weights, and it exhibited the

fact that, while atoms of the same element have the same

<
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weight, atoms of different elements have different weights.

Sir Henry Eoscoe shows, by means of notes found in

the poFsessicn of the Manchester Literary and I'hilo-

gcphical Society, that "it was the application of the

principle of the Newtonian atom to the constitution of the

gases contained in the atmosphere that led Dalton to his

atomic theory. " Dalton died on July 27th, 1844. Man-
chester, where he resided for fifty years, has done honour
to his memory, not only by securing the tine statue of

him which now adoins the grand entrance of the magnifi-

cent town hall, but also by establishing a scholarship for

scientific research. To those who think that great

cleverness is essential to success, we commend Sir Henry
Eoscoe's sketch of Dalton's life and work. And especially

would we call attention to what Dalton himself remarked
in his later life. " If," said he, " I have succeeded better

than many who surround me, it has been chiefly— nay, I

may say, almost solely—from unwearied assiduity." It

only remains for us to say that the book is an admirable

one to put into the hands of every young student of

science.

Solution and Kh'ctwhj.v's. By W. C. D. Whetham, M.A.
(University Press, Cambridge.) This handy little volume
is one of the up-to-date Cambridge natural science

manuals which are being edited by Mr. Glazebrook.

Notwithstanding Mr. Pattison Muir's admirable translation

of Ostwald's " Solutions " and Prof. Palmer's edition of

Nernst's " Theoretische Chemie," a short epitome of the

recent work done on the border-land between chemistry
and physics has been needed for many years, and Mr.
Whetham has already shown, although still a young man,
by his papers on the velocities of the ions, and other work,

that he is fully conversant with this modern development
of physico-chemistry. If we except, in addition to the

author's own work, that of Ramsay and his pupils,

Pickering and a few others, this new science evolved from
the application of the gaseous laws to the phenomena of

solution and osmotic pressure, although so fruitful on the

Continent, has received little attention at the hands of

English investigators. We therefore hope that Mr.
Whetham's book will be read by many of the younger
men, and that it will induce them to turn their attention

to what is undoubtedly destined to be of considerable

importance in modifymg our ideas about matter and its

motion. Some years ago the British Association appointed

a committee to inquire into the subject of electrolysis,

and the discussions which took place at that time helped

in crystallizing the ideas concerning the freedom of the

ions in electrolysis and their behaviour under electrical

pressure. The extension of these generalizations to solution

phenomena has followed since that date, so that tbe two
subjects of solution and electrolysis are very liily included

in the present volume. Not the least valuable portion of

(he book are the tables of electrochemical properties

which conclude it.
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THE VISIBILITY OF CHANGE IN THE MOON.

By H. G. Wells, B.Sc, Author of the " Time ]\Iachine."

THE absolute quiescence of the lunar crust is a

commonplace of popular science; it is, however,

open to doubt whether the belief in the permanence
of the lunar surface has all the justification its

wide acceptance might lead us to expect. This

conclusion has been drawn from the absence of any percep-

tible change in the forms of lunar contours, and of any

visible eruptive phenomena. But it must be remembered
that fairly extensive changes of contour may have occurred

before the epoch of lunar photography, and that even now
the displacement of relatively large masses has a very fair

chance of escaping notice. As Mr. Elger has pointed out,

objects as large as Monte Nuovo or .loruUo might come
into existence in many regions without anyone being the

wiser, and a catastrophe as extensive as the destruction

of Herculaneum and Pompeii might still escape detection.

And few people outside astronomical circles probably

appreciate the peculiar consequences the physical conditions

of our satellite's surface would have upon the phenomena
of volcanic eruption.

The most striking features of a typical volcanic eruption

upon our planet are certainly the tumultuous noises of the

outbreak, and the enormous clouds of steam and pumiceous

ashes that rush out of the vent and spread over the

country encircling the volcano. These cloudy masses

form a background to reflect and exaggerate whatever

incandescence may be visible within the crater. But upon

the moon all this pomp of smoke and flame would be

absent, because upon the moon there is no atmosphere to

buoy up the finely divided products of the eruption, and
whatever the volcano threw out would, so soon as the

velocity of its projection was lost, fall back at once upon
the lunar surface. The uprush of flames, which is another

striking accompaniment of terrestrial outbreaks, would also

be absent, since a llame rushes upward only because it is

specifically lighter than the air through which it rushes.

The intense cold of the hmar surface, together with the

absence of atmospheric pressure, would also conspire to

rob any incandescent gas of its visibility, for so soon as it

was released at the vent it would expand and cool, and so

elude our observation. A momentary disclosure of mcan-
descence is all we can anticipate under the most favour-

able circumstances, and in the bright glare of the lunar

day—and it is only the lunar day we are accustomed to

observe— it is conceivable that the equivalent of the most
violent terrestrial eruptions might be going on in the field

of our largest telescope without attracting attention.

Even could one stand upon the moon itself near the

vent, the phenomena of an eruption in progress would still

be far less awe-inspiring than u on this planet. In a pro-
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found silence and in the unmitigated glare of the sunlight

we should see the molten rock creeping sluggishly from

the lips of the crater, and in the place of the explosive

escape of volumes of steam the surface of the lava flow

would merely be agitated by the bubbling out of what

would immediately become a frosty garment of snow and

carbon-dioxide. It would ba little more terrific than the

squeezing of paint from a tube. The forcible and sustained

ejection of scoriae and ashes on a terrestrial volcano is due

largely to the efi'ervescent escape of superheated steam

from the molten magma ; but if the lunar surface is, as is

generally supposed, somewhere near the absolute zero of

temperature, then the isotherm of the freezing point of

water must be some considerable distance beneath the

crust, and the boiling p3iut isotherm still deeper. In

which case the expansive force of the contained water may
be much less in a lunar than in a terrestrial crater, and

indeed it may be insufficient to spray up or even vesiculate

the more viscous lava flow. On the other hand, however,

the feebler gravitationalenergy of themoon and the absence

of a superincumbent atmosphere woidd enable a much
smaller expansive force to project masses to a considerable

altitude, and a far smaller force of upheaval to rupture a

much greater thickness of overlying crust. The lunar

eruption would be therefore, one may think, more of the

nature of one violent explosion like the discharge of a gun,

and nothing more, rather than the sustained pyrotechnic

display of a terrestrial outbreak.

Taken altogether, these considerations point to the

conclusion that a lunar eruption, if such a thing is still

possible, would consist essentially of two phases ; the

first, the very transient one of breaking through the crust,

would eject any obstacle in the vent to an enormous

altitude, the ejected rock or rocks, in a more or less

pulverized condition, raining back immediatiUj about the

volcanic vent, and then might follow an inconspicuous

and noiseless bubbling and guttering out of snow and frozen

gas, and (less probably) lava within the lips of the crater.

The former scarcely more than the latter could be expected

to be visible from this planet.

But it must be borne in mind that these are purely

speculative suggestions, involving finally the groundless

implication that the moon has differences of internal

temperature, and so some lingering vestiges of internal

energy. There is plausibility in the belief that at the

absolute zero of temperature matter will have lost all its

inter-molecular energy, and, among other things, that it

will not bs able to contract further. If we assume that

not only the unillumiuated surface of the moon, but its

very centre also, has sunk to that final static state, then

the volcanic forces due ii the contraction of a coaler

exterior upon a warmer nucleus do not come into play.

But along another line the grounds for anticipiting lunar

changes are less hypothetical. Taere mast still be super-

ficial displacements due to the expansions and contractions

which the monthly passage of the solar heat-wave must
cause, and there is not only parioiic heating and cooliag

of the lunar surface, but since no matter is perfectly rigid,

there must also be a tidal deformation due to the sun's

attraction. These influences, at any rate, whatever we
may think of the volcanic possibility, »ius( produce tiltings

and instabilities, and in the tremendous impact of

meteorites—for the moon, unlike the earth, has no
pneumatic protection from such jars—we have a force

more than adequate to start landslips and overthrow the

tottering summits of cliffs. Altogether there is plentiful

a priori ground for denying that the moon is indeed an
immutable dead world beyond all further indignities of

change.

And this is not merely an a priori proposition, for

about twenty years ago there is every reason to suppose

that a black spot appeared near Hyginus, and in 1866 a

certain amount of discussion centred about the crater

Linne. The floor of Plato has also been suspect, but

without any very decisive results. Assuredly there can be

no more promising field of observation for the amateur

astronomer in possession of a fairly powerful telescope

than a detailed study of some definite portion of the lunar

disc, and an exhaustive comparison with tlie accumulating

collection of photographic charts that have been made

during the past decade. To see the side of some mighty

crater suddenly slide and crumble into ruin, or some gaping

chasm opening in a dazzling slope of white, has so far been

the lot of no terrestrial observer. Yet it may be that

already such change has happened in the field of some

watching telescope, and only escaped observation because

the eye that watched was set against the expectation of

change. And even as this is written some happy mortal

may be detecting the faint stirring, the scarcely perceptible

movement that marks the still hving forces that have so

far been hidden from our eyes. But the chances are that

whatever changes may be proceeding will be detected in

a less dramatic way—by the systematic measurement and

comparison of photographic charts extending over a

considerable period of years.

THE SIZE OF THE SOLAR SYSTEM.

By J. E. Gore, F.E.A.S.

AS
my readers are aware, the solar system consists

of a number of planets revolving round the sun as

a centre, and of subordinate systems of satellites

revolving rouad the planets, or at least round some

of them. Our own earth is one of these planets,

the third in order of distance fi'om the central luminary,

which forms the common source of light and heat to all

the members of the system. In addition to the planets and

satellites, there are also some comets which form permanent

members of the solar system. Some of these comets

revolve round the sun in very elongated orbits, while the

planets revolve in nearly circular orbits. A consideration

of the absolute size of this planetary system and its relative

size compared with that of the universe of stars, or at least

the universe visible to us, miy prove of interest to the

general reader.

To determine the size of the solar system it is, of

course, necessary in the first place to ascertain the dimen-

sions of the planetary orbits with reference to some

standard, or unit of measarem3nt as it is termed. Tue

uuit of measurement adopted by astroaomsrs is the suq's

distance from the eirth. As the earth is the third planet

in order of distance from the sun, this distance is, pf course,

an arbitrary unit. We might take the mean distance of

Mercury from the suu as the uuit, but as we refer all our

measurements to terrestrial standards, anithe diameter of

the earth is used in the measurement of the suns distance,

it is found more cons'euient to take the sun's distance from

the earth as the standard of measurement for the solar

system and the distance of the stars.
" The relative distances of the planets from the sun have

been determined by astronomical observations and are

represented approximately by the following figures, the

earth's mean distance fi-om the sun being taken as unity :

Mercury S87, Venus 0-723, the earth 1-, Mars 1-528,

the mmor planets 2-08 to 4-262, Jupiter 5-203, Saturn

9-538, Uranus 19-183, and Neptune 30-055, or taking

the earth's mean distance from the sun as 1000, the
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distance of Mercury will be represented by 387, Venus 723,

Mars 1523, the minor planets 208G to 4262, Jupiter 5203,

Saturn 9538, Uranus 19,183, and Neptune 30,055. These
are the mean or average distances, the orbits not being
exact circles but ellipses of various eccentricities, that of

Mercury—among the large planets—being the most
eccentric, and that of Venus the least so. Among the

minor planets, the eccentricities vary from 0, or a perfect

circle, to 0'44, the value found for a small planet discovered

by M. Wolf in November, 1891.

The first scientific attempt to determine the sun's

distance from the earth seems to have been made by
Aristarchus, of Samos. His method was to note the

exact time when the moon is exactly half full, and then

to measure the apparent angle between the centres of the

sun and moon. It is evident that when the moon is half

full the earth and sun, as seen from the moon, must form
a right angle with each other, and if we could then
measure the angle between the sun and moon, as seen

from the earth, all the angles of the right-angled triangle

formed by the sun, moon and earth would be known, and
we could deduce at once the relative distances of the sim
and moon from the earth. This method is, of course,

perfectly correct in theory, but in practice it would be
impossible, even with a telescope, to determine the moment
when the moon is exactly half fuU, owing to the irregu-

larities of its surface. Aristarchus had no accurate

instruments, and no knowledge of modern trigonometry,

but by means of a tedious geometrical method he concluded

that the sun is nineteen times further from the earth than
the moon. This result we now know to be far too small,

the sun's distance from the earth being in reality about

three hundred and eighty-eight times the moon's distance.

In modem times the sun's distance has been determined

by various methods. The most recent results tend to

show that the sun's parallax, as it is termed, cannot differ

much from 8-81 seconds of are. The solar parallax is

the angle subtended at the sun by the earth's semi-

diameter. A parallax of 8'81 seconds implies that the earth's

mean distance from the sun is about 92,790,000 miles.

Multiplying this number by the figures given above, we
find that the mean distances of the planets from the sun
are as follows, in round numbers :—Mercury 35,909,000
miles, Venus 67,087,000, Mars 111,381,000, the minor
planets 193,000,000 to 395,170,000 miles, Jupiter

482,780,000, Saturn 885,105,000, Uranus 1,779,990,000,

and Neptune 2,788,800,000. This makes the diameter of

the solar system, so far as at present known, about 5578
millions of miles. Across this vast space hght, travelling

at the rate of 186,300 miles per second, would take eight

hours nineteen minutes to pass.

But vast as this diameter really is, compared with the

size of our earth, or even with the distance of the moon,
it is very small indeed when compared with the distance

of even the nearest fixed star, from which light takes over

four years to reach us. The most reliable measures of the

distance of Alpha Centauri, the nearest of the fixed stars,

j)laces it at 275,000 times the sun's distance from the earth,

or about 9150 times the distance of Neptune from the sun.

If we represent the diameter of Neptune's orbit by a circle

of two inches in diameter. Alpha Centauri would he at a

distance of 762 feet, or 254 yards, from the centre of the

small circle. If we make the circle representing Neptime's

orbit two feet in diameter, then Alpha Centauri would be

distant from the centre of this circle 9150 feet, or about If
mile. As the volumes of spheres vary as the cubes of their

diameters, we have the volume of the sphere which extends

to Alpha Centauri 766,000 milhon times the volume of the

sphere containing the whole solar system to the orbit of

Neptune. If we represent the sphere containing the solar

system by a grain of shot one-twentieth of an inch in

diameter, the sphere which extends to Alpha Centauri

would be represented by a globe 38 feet in diameter.

It wOl thus be seen what a relatively small portion of

space the solar system occupies compared with the sphere

which extends to even the nearest fixed star. But this

latter sphere, vast as this is, is again relatively small com-

pared with the size of the sphere which contains the great

majority of the visible stars. Alpha Centauri is an

exceptionally near star. Most of the stars are at least ten

times as far away, and probably many a hundred times

further off. A sphere with a radius lOU times greater

than the distance of Alpha Centauri would have a million

times the volume, and therefore 766,000 billion times the

volume of the sphere which contains the whole solar

system

!

From these facts it will be seen that enormously large

as the solar system absolutely is, compared with the size of

our own earth, it is, compared with the size of the visible

universe, merely as a drop in the ocean.

PHOTOGRAPHS OF THE CLUSTER MESSIER
13 HERCULIS.

By IsAic EoBERTs, D.Sc, F.R.S.

R.A. 16h. 38m. 6s., Decl. N. 36° 39-0'.

THE photographs were taken with the 20-inch

reflector ; that with an exposure of five minutes,

at sidereal time 16h. 42m., on June 15th, 1895,

and the other with an exposure of sixty minutes,

between sidereal time 14h. 51m. and 15h. 51m.,
on May 28th, 1895.

Scale, 1 milhmetre to 6-18 seconds of arc.

References.

N. G. C. No. 6205, G. C. No. 4230, h 1968. Sb J.

Herschel, Phil. Trans. 1833, p. 458, PI. XVI., Fig. 86.

Lord Eosse, Phil. Trans. 1861, p. 732, PI. XXVIII., Fig.

33, and Ohs. of Neb. and CI. of Stars, p. 150. A. C.

Ranyard, Knowledge, 1st May, 1893, pp. 90-93.

The photograph with an exposure of five minutes shows
the stars with only a faint trace of nebulosity at the

central part of the cluster, and that with sixty minutes'

exposure shows the central part involved in nebulosity so

dense that, on the print, the stars cannot be seen in the

midst of it, though on the negative they are clearly visible.

The two prints, when correlated, therefore, convey to us

nearly the same amount of information as can be gathered

from the negative exposed for sixty minutes.

Nine photographs of the cluster have been taken by me
during the past eight years. The first, on May 22nd, 1887,

is published in Phutoi/raplis of Stars, Star-Clusters, and
Nebula, PI. 34, p. 93. An interval of fully eight years has,

therefore, elapsed since these and the first photograph
were taken, and now, by the publication of these photo-

graphs in a form available like the first, and enlarged to

the same scale, there is evidently work ready to hand for

those who take a practical interest in astronomy to con-elate

these new photographs with the earlier one, in order to find

out what, ifany , change or changes have taken place amongst
the stars during the interval of eight years. These
operations can readily be performed by placing the dual

photographs of 1887 and 1895, that have been exposed
during sixty minutes each, side by side, and judging by
eye-alignments of the stars if changes have taken place

amongst them. Another method is to use a reseau ruled

on glass, about ten centimetres square, with the inter-
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sections of the lines making two square millimetres each.

Another method is to use a millimetre rule with a thin

edge, and a pair of compasses ; a circle of about ten

centimetres in diameter and ruled into degrees upon any
transparent substance would also be required for the

purpose of measuring position angles. Armed with these

simple requisites, much useful astronomical work could be

done upon the photographs, and if any doubtful points

should be met with iu the course of the investigations,

they could be settled by reference to the original positives

on glass made by enlargement from the negatives, or, if

necessary, by reference to the negatives themselves.

Arrangements are being made to place these glass positives

at the disposal of the British Astronomical Association,

and thus make them readily available whenever required.

If the work of correlating the photographs, as herein

suggested, is taken in hand by competent examiners, and
their results are found to add to astronomical knowledge,
there are other photographs with intervals of seven or

eight years between them available for investigation, which
could be published as occasion might indicate ; thus a

""

system of astronomical research would be inaugurated,

that must eventually add largely to existing knowledge.
The scale of these photographs is such that a change in

the position of any star with reference to the other stars,

if it exceeds three seconds of arc in amplitude, ought to be

detected by careful examination ; and, if no change of

such small extent as this has taken place iu eight years, it

will be a proof that the object is very distant from us—that

the stars probably belong to one system, and that we must
wait for some years longer before we can hope to under-
stand the physical laws which govern the stars constituting

these so-called globular clusters. However, we have now
before us, and fixed with imquestionable accuracy, the

position and relative brightness of each star in the cluster

and in the surrounding region of the sky, so that the
solution of this great problem can only be a question of

time, and of the repetition of the methods here described,

or of others of a similar character.

observations were made with the aid of field-glasses, power
4, out of focus ; and all at Sunderland, except that on
2 mo. 24, which was at Middlesbrough. The eflect of

atmospheric absorption upon the brightness of Mira and
the comparison stars was taken into account for each
night's resulting magnitude.

Dati-. ,^M.r. .?'^'*"""^' Absovi).
Muj^uituaes. tion.

1895, 1 mo. 23.—9.10 5-72 1-0

25.-9.27 5-98 1-0

29.— 6.40 4-85 2-5

2 mo. 11.—0.50 4-45 3-0

19. 7.15 4-23 2-5 ^ot a very certain obser-
vation, as tlie smoke iu the
iog may not be luiiform.

24..—8.28 4-98 1*1 rossiWy some irrcijnlar
smoke, but I do not think so.

3 mo. 3.-7.59 4-30 1-1 Moonlight.

Note.—The scale of each of the four photographs of
nebula published in the September number of Knowledge,
is given as 1 millimetre to 12 seconds of arc ; but the
photo-printers have not strictly followed the directions,

and consequently the scale applicable to the four prints is

1 millimetre to 11 seconds of arc.

3lcttcrs.

[The Editor does not hold liimseU' responsible for tlie opiuious or
statements of correspondents.]

— '

MIRA.

To the Editor of Knowledge.

Dear Sir,—My observations of Mira in the early part
of this year may perhaps be of some interest in connection
with the discussions on the subject, though it will be seen
that the later ones are affected by some uncertainty. The
resulting magnitudes are derived from the Harvard
magnitudes of the comparison stars, but that of the ruddy
star i' Ceti is corrected for personal equation of colour.
The column headed "absorption" gives the estimated
relative absorptive power of the atmosphere, taking 1-0 to

represent a clear atmosphere. With regard to the result

on 3 mo. 3, it should be noted that moonlight makes ruddy
stars look brighter ; but ruddy stars look fainter to me
than they do to the Harvard observers, and the resulting
magnitudes are given as compared with white stars. The

Sunderland. T. W. Backhouse.

CONCENTRIC RAINBOWS.

To the Editor of Knowledge.

Sir,—I recently saw what I believe is rather a rare

phenomenon. There was a short, sharp shower of rain

about six o'clock iu the evening, and then the sun shone
brilliantly and a rainbow appeared—not a particularly

bright one. There was no secondary bow with inverted

colours, but inside the primary bow were packed, one
inside the other, no less than three subsidiary bows fading

imperceptibly into one another. I once, two years ago,

saw a very bright rainbow with two of these subsidiary

bows, and also the usual secondary bow. The theory of

the primary and secondary bows is simple enough, but I

should be glad if some of your correspondents could give

an explanation of the theory of these subsidiary bows.

I gather from what I have seen stated that, provided the

rain-drops are equal in size, the larger the drops the

greater is the number of subsidiary bows.
Arthur Kennedy.

Ashtead.

[The occurrence of supernumerary bows enclosed

witbin the prioaary one is by no means common. I have
only seen these on two or three occasions in many years.

Once I observed no less than four bows of gradually

decreasing width, enclosed by and concentric with the

primary one, the innermost being a faint colourless line.

There were thus five circular bands, and between their

widths there was a distinctly proportionate diminution

towards the centre of the system. On other occasions I

have seen three or four bands, the inner ones being very

faint.

In my experience this phenomenon synchronizes with a

very stormy and disturbed condition of the air. The
bands appeared in a higher zone of the sky than the

ordinary rainbow is seen in, but not so high as that of

the ii-hite rainbow, which at times occurs in the cirrus

region. I once saw one of these latter at a vast elevation

gradually concealed from sight by a moving drift of cloud

underneath it, the obscuring cloud being itself far above

the region of the ordinary bow.

It would appear that these involved bands, which usually

show little colour, indicate the d^pth and thickness of the

bank of rain cloud, or rather the zone of watery particles

originating them. If so, they naturally give a valuable

hint for forecasting weather, as they point to a vast

* One of these, wliieli was seen January .jth, 1895, was described by
the writer iu Nature.
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quantity of water in suspension. It is too often overlooked
that optical figures in the atmosphere are not really plane
but solid figures, geometrically.

I am not aware that any satisfactory explanation of

involved rainbows has been published. My own theory,

suggested, however, with all humility, is that they show the

depth of the rain bank, and are a perspective foreshortening

of rings from the base of an (imaginary) cone of particles,

and only limited in number by the limits of the refraction

angles.

A drop of rain with crystalline nucleixs, i.e., nascent hail,

will give rise to curious optical phenomena. But I do not
refer these figures to the varying size of rain-drops, a theory
which badly agrees with the observed proportionate reces-

sion of the rings.

—

Samuel Baeisek.

Elmsett, Ipswich.

COLOUES OP BUTTERFIIKS.

To the Editor of Knowledge.

Sir,—It is difficult to reply to Mr. Miller on such com-
plex problems with the limited space at my disposal. I

will, however, endeavour to state my answers to his

queries as shortly as possible.

(1) Mr. Miller says he cannot see the truth of the truism,
that some insects do not require protection, while others
do require it. The answer is that all insects, in order to

survive, require some form of protection unless their

power of rapid flight is superior to that of their enemies.
This protection may take the form of protective resem-
blances, mimicry, or warning colouring.

(2) Mr. Miller denies that natural selection is an
" environmental force." This is merely a question of the
meaning of words. Natural selection is, so far as it is

accepted, a force or power whereby those individuals,

which are most suited to their enNironment, survive in the
struggle for existence ; those less in conformance with
their environment "going to the wall." This is a fact,

whatever name we give to the acting power ; the only
doubtful point is, whether natural selection will explain
everything.

(3) Mr. Miller objects to the " metaphorical " use of
the word "mimicry." This I explained in my last

letter. Mimicry implies conscious imitation, whereas in

the cases we are considermg there is supposed, by Darwin
and Wallace, to be no conscious effort, as Lamarck
formerly stated.

(4) Mr. Miller queries how can hereditary transmission
increase resemblance {i.e.—protective resemblance and
mimicry) ; and how can accidental resemblances be trans-

missible ? Hereditary transmission is bound to increase

resemblance in such cases if the species is to survive at all,

simply because all those of lesser resemblance are killed,

and only the most modified escape the attacks of enemies.
In each generation some individuals will have more pro-

tective resemblance than others ; because no two animals
are alike, and these only will survive, and thus the
resemblance is increased in successive generations.

(5) Mr. Miller again asks, " what has this to do with
the origin of species '.' " I can only say that Darwin and
Wallace's explanation of the origin of species was given in

their theory of natural selection, which is briefly as
follows : In any animal or plant there is a rapid increase
of numbers by reproduction ; but the total numbers are
stationary—hence the struggle for existence. As no two
individuals are alike, there is variation, and this is trans-

mitted by heredity to successive generations. Hence

follows the survival of the fittest, leading to the survival

only of those best adapted to their environment. By
means of protective colouring and mimicry, many species

of butterflies survive and form species, which would other-

wise disappear. This is what the question has to do with

regard to the origin of species.

(G) Mr. Miller's last query I do not quite follow. He
seems to imply that butterflies are most exposed to danger

while on the wing, and asks why are they not protected by
the colours on the upper surfaces of the wings '? This

really requires no answer. While on the wing, butterflies

must trust to their powers of flight and take their chance ;

the most obvious need for protection is while they are

perching with the wings folded up, especially when the

female is laying eggs. Hence the under surface of the

wings is protectively coloured. The upper surface is

usually bright by sexual colouring to attract the opposite

sex.

C. F. Makshall, M.D.

To the Editor of Knowledge.

Sir,—I am sorry to see that my letter has made this

subject no clearer for Mr. Miller.

In the first place, respecting the necessity of protective

colouring, I understand a necessity to be that which is

indispensable, and thus fail to see how Mr. Miller can at

one and the same time logically maintain that protective

colouring is always necessary and yet that many insects

exist without it. To me one statement appears to

contradict the other.

Then, as to the difl'erence which he considers I ought
to make between the protected and the unprotected, I

would point out that as the economy of no two species is

exactly alike, no distinct line of demarcation can possibly

be drawn. Insects displaying the rapid motion of the day-

flying moths, or the up-anddown eccentric flight of many
of our butterflies, would probably be little better off were
they difl'erently coloured. Those flying only in the night-

time would in the majority of cases, where their day-time
habits did not clash, need no special colouring beyond some
sombre tint ; while again, those inhabiting districts where
enemies were scarce or not powerful, would have small
inducement offered for their improvement.

I think it probable that protective colouring occurs more
frequently than Mr. Miller supposes. So far as my own
experience goes, I have found the cases where the colour

of an insect is out of all harmony with its surroundings,
during each period of its existence, to be the exception

and not the rule ; and in such instances contra-balancing
causes may often be found, such as the unpleasant taste of

the magpie moth {Ahni.ras i/rossulariata). Besides, the

evolutionary doctrines demand, not that each form should
be perfect, but only improving.
Then Mr. Miller objects to natural selection as an

environmental force. I do not know whether he wishes to

deny the existence of natural selection altogether, or only
objects to my terming it " a force." In the latter case
what label would he prefer as a substitute '? When oil and
water are mixed together, one rises and the other sinks by
what we call the force of gravitation ; so, when good and
bad organic forms are turned out into the world, the strong
rise and the weak fall, and I can see no objection to

terming that which makes them rise and fall "a force."

Mr. Miller says he is not aware that any scientific men
ever employ metaphor in enunciating truth, and adds,
" certainli/ neitlier Darwin nor Waltare so uses it." Surely
Mr. Miller has not been very observant, or he would not
have made such a statement. I think it would be hard to
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find any author who does not employ metaphor to a greater

or lesser extent, and I am unable to see how objection can
be raised to the practice so long as everyone understands
that it is metaphor. Does Mr. Miller wish to condemn all

who speak of the sun risimj, of the moon ftttin;/, or of an
acid possessing greater ehrtire ailiniuj for one base than
for another '? May I also refer him to Darwin's " Origin

of Species," page 58 in the sixth edition, where the great

naturalist devotes a special argument in support of that

which Mr. Miller condemns. Speaking of the objections

which had been brought against his use of the terms
" Nature " and " Natural Selection," he says, " Everyone
knows what is meant by such metaphorical expressions,

and they are almost necessary for brevity With
a little familiarity such superficial objections will be

forgotten."

Alfked .J. Johnson.

Boldmere, Erdington.

HOOKED PROCESS ON EEES' MANDIBLES.

To the Editor of Knowledge.

Sir,—May I ask the attention of your readers to the

curious hooked process on the mandibles of the worker
bee '? I am not at all certain that they have been observed
before, as I find no reference or mention of them in various

works on bees, or in Chesire's " ]^>ees and Bee Keeping,"
which I understand, from an authority at the Natural
History Museum, is the latest and standard work on the

A. Mandible of AVorki'r Bee, showing hooks. B. Portion of liooked
process, more uiaguiliel. c. One hook still more luaguilied.

(Magnified 140 diameters.)

subject. Indeed, they are not easy to make out, as the

mandible takes a long time to clear—the specimen which
enabled me to see them had been kept six months in

turpentine before mounting for the microscope.

As will be seen by the accompanying illustration, the

hooks bear a great resemblance to those on the smaller

wing, which give the name to the Hymenoptera ; they are

nine in number, and run along a raised rib or buttress of

chitine, parallel with the cutting edge of the mandible.

The process begins at the lower end with soine hairs,

which are obviously later on modified, to form the hooks.

The difference between the hair and the hook is of interest,

the latter being much shorter and coming abruptly to a

somewhat blunt end.

I have no practical knowledge of bees, but if I might
hazard a guess as to the use of the process (which I do

with diflidence), I would suggest for the purpose of hooking

on to the claws of the hind leg of the bee above, when
clustering. In favour of this view, I find that the hooks

are absent from the mandibles of the queen bee and of the

drone ; also from those of the humble bee and the queen

wasp. The queens and humble bee do not cluster, but I

am uncertain as to the drone ; this is one of the points on
which your readers might help me.
The drawing is of the mandible flattened for mounting,

and gives quite a wrong idea as to the actual shape.

Walter Wesche.
92, Richmond Road, W.

THE VOYAGE OF H.M.S. "CHALLENGER" AND
ITS ACHIEVEMENTS.

By H. N. Dickson, F.R.G.S.

ONE of the officers of the famous expedition of the

Ficsiilutiiin and the Adventure concludes an account

of the voyage by expressing the pious hope that

the bright example of his great commander may
inspire future navigators " not only to perpetuate

his justly-acquired fame, but to imitate his labours for the

advancement of natural knowledge, the good of society,

and the true glory of Great Britain." It would be inter-

esting to know how far one of Captain Cook's shipmates

would consider the Challenijer Expedition a fulfilment of

his desires. We can imagine him finding much food for

reflection in the ways of the " philosophers " on board, or

in some volumes of the " Reports "
; but we may be sure

that along with Cook's second voyage he would " not

hesitate to pronounce it one of the most important that

ever was performed in any age, or by any country." Such

a deliverance would receive the unanimous approval of the

scientific world in these days.

Although the last volume of the " Challcwjer Report " is

amongst the most recent Government publications, the

cruise itself is rapidly becoming ancient history, for three

and twenty years is along time in the history of modern

science. The Challemjer Expedition grew out of the

wonderful results obtained by \\'yville Thomson and his

coadjutors in the Faroe-Shetland Channel and the North-

East Atlantic on board the lAijhtninij (1K68) and the

Porcupine (1870). These results gave glimpses into a new

world, and it became clear that if science was ever to have

an adequate conception of the form or material of the

earth, or of the forces at work on its surface, this new

world must be explored with the same untiring patience

as was necessary in the more familiar regions above sea-

level. The first step was evidently to make a preliminary

survey of the whole situation, so as to gain a general view
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of the physical and biological conditions in each of the

great divisions of the hydrosphere, working, of course, with

all possible accuracy and detail, yet striving chiefly towards
a delineation of the leading features. Given an accurate

outline of the whole, more minute studies of restricted areas

might follow later, and it would then be easy to place them
in their proper positions with regard to the whole. This
idea commended itself strongly to the Royal Society, and to

many other scientific bodies, and influence was brought to

bear upon the Government, with the result that in

1872, H.M.S. C/ialh-ni/er, a corvette of 2806 tons, was
completely fitted out and furnished with every scientific

appliance for examining the sea from surface to bottom.
The ship was in charge of Captain Nares, with a naval
surveying staff, and a civilian scientific staff under the

direction of Professor Wyville Thomson ; the latter

consisting of Messrs. H. N. Moseley, John Murray, J. Y.
Buchanan, E. von Willemoes-Suhm, and J. J. Wild. The
ChalUnger sailed from Sheerness at eleven a.m. on Saturday,
7th December, 1872, and after a voyage touching Madeira,
the Canaries, the West Indies, Nova Scotia, the Bermudas,
the Azores, Cape Verde, Fernando Noronha, Bahia, Tristan

d'Acunha, the Cape, Kerguelen, Australia, Hong Kong,
-Japan, Valparaiso, Straits of Magellan, and Vigo, she

anchored at Spithead at half-past nine on the evening of

Wednesday, May 24th, 1876 ; having in three and a half

years cruised over nearly seventy thousand nautical mUes,
and made soundings and observations at three hundred and
sixty-two stations, besides keeping constant magnetic and
meteorological observations during the whole period. If

we bear in mind that the ChMengcr was commissioned to

explore the sea and not the land, and that her appointed
task was amply sufficient to occupy all hands, we must be

surprised at tlae use that was made of opportunities on
shore. Lord George Campbell's " Log-letters from the

ChaUenyer " is full of interesting observations of men and
things in various countries— much of it reads like an
extract from the last century voyages, and Prof. Moseley's
" Notes by a Naturalist on the Challenger " contains many
important contributions to anthropology, notably an essay

on the gods of Hawaii and their transformation into orna-

ments, and an account of the inhabitants of the Admiralty
Islands. The anthropological collections, now in part

deposited m the Pitt-Rivers Museum at O.xford, are admitted
to be of the greatest value, and in the hands of Prof. Sir

William Turner the skeletons and crania obtained by the

expedition brought to light new facts of the greatest

ethnological interest.

But when we come to the oceanic researches, we find

a wealth of material simply bewildering. Immense
collections of zoological and other specimens were sent

home by the C/itdleui/er from various ports visited, and
she herself returned to England laden like an ocean
" tramp." A commission was organized and charged with
the work of superintending and directing the examination
of the collections, the discussion of the observations, and
the publication of reports. The commission was under
the command of Su- C. Wyville Thomson until his death

in 1882, when he was succeeded by Dr. .John Murray,
who continued the work in consultation with a committee
of the Royal Society, and has now brought it to completion.

Some six or seven years after Dr. Murray became director

of the " C/i"//«»'/('r Expedition Commission " the Treasury,
alarmed by the deceitfulness of the scientific riches

accumulated, threatened to cut off supphes altogether.

Fortunately, the threat was not executed, although the

last payment of £1600 had to be spun out over six years.

The completed Report extends over fifty volumes, in

royal quarto, each having an average allowance of six

hundred pages and sixty plates and maps. The work is

arranged in six divisions : I. Narrative ; II. Physics and
Chemistry, including Meteorology ; III. Deep Sea Deposits;

IV. Botany ; V. Zoology ; VI. Summary of Scientific

Results. Division I. is naturally the work of the members
of the expedition, and Division VI. entirely from the pen
of Dr. John Murray. In the others the specimens and
records were distributed amongst specialists for examination

and discussion, or, where such did not exist, to scientific

men who would make themselves authorities in the new
subjects. In the selection of authors no distinction of

nationality was made, the sole aim being always to find

the best man for the work, and we may here add our
congratulations to Dr. Murray on the achievement of this

great task, for he has made the C/i((?/ch^«c Expedition, not

only the foundation of the greatest work of its kind in

existence, but the source of a stimulus to many branches

of scientific research, which will not cease to be felt for

many years to come.
Any attempt to give even an idea of the contents of a

work twice the size of the " Encyclopajdia Britannica
"

within the limits of a single article must necessarily fail.

Dr, Murray's Summary, intended as a guide to the

wanderer through the volumes of the Report, itself

occupies over twelve hundred pages ; so we must content

ourselves with a mere glance here and there.

The first great service rendered to science by the

ChiUenger observations was the collection of sufficient

deep-sea soundings to make it possible to construct relief

maps of the great oceans. Although these are still very

defective in many parts, even where supplemented by
more recent data, they enabled us to form a fair conception

of the shape of the sea bottom, with its towering volcanic

peaks, its boundless undulating plains, and its profound

abysses. Dr. Murray has himself made a specialty of

this part of the work, and computes the total area of all

the oceans at 137,200,000 square miles, and the total

volume at 323,800,000 cubic miles ; the average depth

being 2080 fathoms, equal to 12,180 feet, or something
over two miles and a quarter. Amongst other things, the

rhallcnijer finally disposed of the fabulous depths reported

by several investigators. The deepest sounding made was
4475 fathoms, or about five miles, near the Mariana
Islands, and we have since found no reason to suppose that

depths greatly exceeding this will be met with anywhere.

The nature of the sea bottom forms the subject of an

exhaustive monograph by the Abbe Eenard and Dr.

Murray. The composition and, above all, the origin of

the great deep-sea deposits have presented many problems

of the highest order of difficulty alike to the geologist, the

biologist, and the chemist, but a general classification has

nevertheless been arrived at, the distribution of the chief

deposits has been mapped, and their origin explained.

Dr. Murray finds that outside a belt three hundred miles

from land practically the whole ocean is covered with
" pelagic" deposits, in the formation of which land influences

have played little or no part. In truly oceanic areas where
the depth is less than 1700 fathoms (say two miles)

the bottom is usually covered with " Pteropod ooze,"

so called from the shells which are characteristic of it.

Beyond this depth the dehcate shells disappear, and there

remains the chalky-looking foraminiferoua ooze known as

" globigerina." Below 3000 fathoms the deposit consists

of substances wholly insoluble in sea-water, forming a red

clay chiefly volcanic, which covers over fifty millions of

square miles, not much less than the whole laud surface

of the globe. It is remarkable, as showing the extremely

slow rate at which the red clay is deposited, that along

with it immense numbers of sharks' teeth, some of them
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apparently belonging to extinct species, ear-bones of whales,

manganese nodules, cosmic dust, and otlier inorganic

materials were often brought to the surface.

We cannot hereenter into the vexed question of coral reefs.

Chiefly on account of observations made on board the

VhaUengcr, a general feeling arose that Darwin's " sub-

sidence theory " was inadequate. In 1880, Dr. Murray
propounded another explanation, maintaining that coral

reefs have grown up from the tops of submerged and half

submerged banks and mountains, and between the two
hypotheses the struggle has been keen and protracted.

Nearly everybody admits the force of Murray's arguments,

but some writers stUl hold that many reefs have been

formed in the way suggested by Darwin.

The deep-sea temperature observations were made by the

naval officers on board, by means of the Miller-Casella

thermometer. The inquiry into the errors of these

instruments, made by Prof. Tait, forms in itself an
important contribution to our knowledge of the effects of

great pressures upon various substances. All the tempera-

ture observations have been published separately in the

form of curves showing the vertical distribution from
surface to bottom at each station, and the general result

was obtained that in the open sea the temperature remains

practically constant from year to year at all depths exceed-

ing one hundred fathoms. It was further found that over

certain large areas the temperature at the bottom was the

same. In the eastern part of the North Atlantic, for example,

the temperature at the bottom was everywhere 86-8°, while

in the western part of the same ocean it was 86:3°. It was
afterwards shown that these immense stretches of uniform
temperature were due to the fact that below a certain

depth communication with warmer or colder areas was
cut off by submarine ridges.

The examination of the water samples brought home by
the ChaUewjer was made by the late Prof. Dittmar, who
confirmed the conclusion reached by Forchhammer that the

composition of sea water is everywhere nearly the same,

except that the amount of lime held in solution increases

at greater depths. At the same time he gave a more
extensive and accurate account of the proportions in which
the various elements are present, introducing many new
methods and refinements in the course of the extremely

difficult analyses which had to be made.
It was thus established that the variable factors in

different parts of the oceans were chiefly physical, the

variations of temperature and density being of primary
importance in all questions of oceanic circulation. From
an enormous number of hydrometer observations made
during the voyage, j\Ir. Buchanan was able to construct

charts showing the surface density for each of the great

oceans, and the greatly increased data of recent years have
not modified the leading features of these in any important
respect. Mr. Buchanan also determined the salinity at

the depths at a sufficient number of points to give a fair

conception of the general distribution, although it has not
been possible to represent the whole by means of maps.

Observations of oceanic currents were made on board by
the naval officers, but the general inquiry into the cir-

culation of oceanic waters was placed in the hands of

Dr. Alexander Buchan. The preliminary reports on the

sea temperature observations had settled the rival claims of

the gravitation and wind theories as to the cause of currents,

and it became evident that before the problem of oceanic

circulation could be profitably discussed, the facts of

atmospheric circulation at the earth's surface must be dealt

with. Dr. Buchan accordingly constructed a new series

of maps representing the distribution of atmospheric
pressure and temperature and the prevailing winds in

all parts of the globe during each month of the year,

and, thanks to the elaborate observations made on the

ChalleiKjci-, he was able to extend the work over the oceans

with some confidence, and at the same time to contribute

new facts of fundamental importance to the science of

meteorology. This done. Dr. Buchan proceeded to the

oceanic problem, and his Report, an appendix to the last

volume, is the final publication of the series. It includes

a number of maps showing the distribution of temperature

over the oceans at vertical intervals of 100 fathoms, and
from these, and the known distribution of density, it

appears that the movements of the great masses of

ocean water depend directly on the influence of the great

atmospheric systems resting on the surface.

Although botany was not specially represented in the

scientific staff' of the Challenger, very considerable collec-

tions were made by Mr. Moseley. These were chiefly

insular floras, which have been described by Mr. W. B.

Hemsley ; but the enormous extent of the pelagic flora

was first fully recognized from the observations made
during the cruise.

So far as space occupied in the Reports goes, zoology

has by far the largest share, occupying no less than forty

volumes. The number of new forms discovered was
enormous, but it is remarkable that their description has

added to our knowledge of special groups rather than

enlightened us as to the relations existing between those

already known. The geographical distribution of the

animals obtained by the Challenger is discussed by Dr.

Murray in the Summary, and, taken along with the

further observations of more recent expeditions, the

results are of extreme interest and importance. The
observations go to show that while life is nowhere
absent, the animals living at the bottom in the great

depths are not representatives of primitive types

as was expected ; and it was found that at depths

below 1000 fathoms the number of species and genera

obtained in one haul of the dredge was much larger

in proportion to the number of individuals than is

the case nearer the surface. Dr. Murray believes that

the deeper waters were probably peopled by animals which
migrated from the level of the " mud-line," or zone

where the minute particles of organic matter derived

from the land are deposited on the bottom. The mud-
line is usually found at a depth of about 100 fathoms,

and the conditions in its neighbourhood are found to be

of great uniformity all over the world. A remarkable

similarity between the faunas and floras of the Arctic and
Antarctic regions has been traced, many species being

recorded in both which are not found in the intermediate

zones. Dr. Murray reviews the whole of the evidence

connected with the distribution of life, and sitggests a

theory which may serve to explain how the complex
arrangement observed was brought about. He supposes

that the more highly organized pelagic animals are the

descendants of animals which at one time inhabited the

region of the mud-line. The whole ocean had probably at

that time a uniform warm climate, and when cooling at

the poles began, in all likelihood in Mesozoic times,

animals with pelagic larvte would die out or seek warmer
latitudes ; hence in the tropics we find the remains of a

universal shallow water fauna. At the same time, the

lower temperature at the poles would cause descending

currents of colder water in those regions, and these, taking

a supply of oxygen downwards with them, would make
life for the first time possible below the mud-line, and
permit of gradual migrations into the deeper waters.

We would fain linger over Dr. Murray's fascinating

Summary, the only part of the whole work where, in
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gathering up the threads, it has been permissible to

introduce an element of speculation, and enable iis to form
some picture of the earlier ages iu the earth's history ; a
picture strange beyond any that the imagination alone
could have conceived. But we must deny ourselves, and
only express the hope that after so great a work our
country may not be patriotically puffed up, but may con-
tinue to take its fair share—a large one—in those further
researches which have so largely added to the value of the
Challenjer P.eports, which were in great part the outcome
of her memorable cruise.

THE FACE OF THE SKY FOR OCTOBER.

By Herbert S.U)ler, F.E.A.S.

SUNPOTS and faculse are still fairly numerous,
though of course they are decreasing in magni-
tude. Conveniently observable minima of Algol
occur at lOh. 45m. p.m. on the 20th, and at 7h. 'dim.

P.M. on the 23rd.

Mercury is too near the Sun to be visible till quite the
end of the month. On the 31st he rises at 5h. 50m. a.m.,

or Ih. 3m. before the Sun, with a southern declination of
8° 53', and an appai-ent diameter of 8j ", rather over Jj^th

of the disc being illuminated. He is then some little

distance to the N.E. of Spica Virginis. He is at his

greatest eastern elongation (25i°) on the 1st.

Venus is a morning stir, and is getting well placed for

observation. On the 1st she rises at Ih. 43m. a.m., or
Ih. 18m. before the Sun, with a southern declination of
2^ 10', and an apparent diameter of 54i", ^^-_ths of the
disc being illuminated. On the 8th she rises at 4h.
A.M., or two hours and a quarter before the Sun, with a
southern declination of 0° 18', and an apparent diameter
of 50|^ ', yVflti's of the disc being illuminated. On the 18th
she rises at 3h. 19m. a.m., or 3h. 12m. before the Sun,
with a northern declination of 1° 7', and an apparent
diameter of 43^", T^ths of the disc being illuminated. On
the 31st she rises at 2h. 35m. a.m., or nearly four hours
before the Sun, with a northern declination of 0^ 43', and
an apparent diameter of 36", -/'gths of the disc being
illuminated. She is at her greatest brilliancy on the 2Gth.
She describes a curiously looped path on the confines of
Leo and Mrgo during the month.
Mars is in conjunction with the Sun on the 11th, and

Saturn and Uranus are invisible.

Vesta is an evening star, though her great southern
declination militates against her successful observation.

On the 1st she souths at 9h. 29m. p.m., with a southern
dechnation of 21° 52'. On the 12th she souths at

8h. 40m. P.M., with a southern declination of 21' 35'.

On the Slst she souths at 7h. 35m. p.m., -nith a southern
declination of 20"^ 17'. During October she appears
as a 7th magnitude star. A map of the small stars near
her path will be found in the Em/lish Meclianic for August
2nd.

.Jupiter is an evening star, rising on the 1st at lib. SGm.
P.M., with a northern declination of 19° 23', and an
apparent equatorial diameter of 85-7"

; the phase
amounting to \" . On the 7th he rises at lib. 38m.
P.M., with a northern dechnation of 19° 13', and an
apparent equatorial diameter of 3GJ". On the 17th he
rises at llii. 5m. p.m., with a northern declination of
18° 5G', and an apparent equatorial diameter of 37^". On
the 31st he rises at lOh. 18m. p.:m., with a northern
declination of 18'" 38', and an apparent equatorial diameter
of 38J". During the month he describes a direct path in

Cancer, being near J Cancri at the end of October. The
following phenomena of the satellites occur while the

planet is more than 8"^ above and the Sun 8° below the

horizon. On the 1st a transit egress of the first satellite

at Ih. 46m. a.m. On the 4th a transit ingress of the

shadow of the fourth satellite at 4h. 28m. a.m. On the

7th an eclipse disappearance of the third satellite at

Oh. 44m. 7s. a.m. ; a transit ingress of the shadow of the

second satellite at 2h. 10m. a.m. ; an eclipse disappearance

of the first satellite at 2h. 59m. 52s. a.m. ; an eclipse

reappearance of the third satellite at 4h. 5m. 6s. a.m. ; a

transit ingress of the second satellite at 4h. 57m. a.m.
;

a transit egress of its shadow at 5h. Im. a.m. On the 8th

a transit ingress of the first satellite at lb. 23m. a.m. ; a

transit egress of its shadow at 'ih. 30m. a.m. ; a transit

egress of the satellite itself at 3h. 43m. a.m. On the

9th an occultation reappearance of the first satellite at

Oh. 58m. a.m., and an occultation reappearance of the

second satellite at 2h. 8m. a.m. On the 13th an occultation

disappearance of the fourth satellite at Ih. 23m. a.m. On
the 14th an eclipse disappearance of the third satellite at

4h. 41m. 53s. a.ji. ; a transit ingress of the shadow of the

second satellite at 4h. 43m. a.m.; an eclipse disappearance

of the first satellite at 4h. 52m. 57s. a.m. On the 15th a

transit ingress of the shadow of the first sateUite at 2h. 5m.
A.M., a transit ingress of the satellite itself at 3h. 19m.
a.m. ; a transit egress of its shadow at 4h. 24m. a.m. On
the Kith an occultation reappearance of the first satellite

at 2h. 53m. a.m. ; an occultation reappearance of the second

satellite at 4h. 49m. a.m. On the 18th a transit egress of

the third satellite at 3h. 21m. a.m. On the 2lst a transit

egress of the shadow of the fourth satellite at 2h. 25m. a.m.

On the 22nd a transit ingress of the shadow of the first

satellite at 3h. 58m. a.m.; a transit ingress of the first

satellite at 5h. 15m. a.m. On the 23rd an eclipse dis-

appearance of the first satellite at Ih. 14m. IGs. a.m. ; an
eclipse disappearance of the second sateUite at Ih. 59m. 46s.

A.M. ; an occultation reappearance of the first satellite

at 4h. 48m. a.m. On the 24th a transit egress of the

shadow of the first satellite at Oh. 46m. a.m. ; a transit

egress of the first satellite at 2h. 3m. a.m. On the 25th a

transit egress of the second satellite at 2h. 4m. a.m. ; a
transit egress of the shadow of the third satellite at

2h. 11m. A.M. ; a transit ingress of the third satellite at

3h. 47m. A.M. On the 29th a transit ingress of the shadow
of the first satellite at 5h. 52m. a.m. On the SOth an
occultation reappearance of the fourth satellite at Oh. 24m.
A.M. ; an eclipse disappearance of the first satellite at

3h. 7m. 19s. a.m. ; an eclipse disappearance of the second
satellite at 4h. 35m. 58s. a.m. On the 31st a transit

ingress of the shadow of the first satellite at Oh. 21m. a.m.,

a transit ingress of the satellite itself at lb. 37m. a m., a

transit egress of its shadow at 2h. 40m. a.m., and a transit

egress of the first satellite at 3h. 57m. a.m.

Neptune is an evening star, and is now well situated

for observation. He rises on the 1st at 8h. 22m. p.m.,

with a northern declination of 21° 28', and an apparent

diameter of 2-6'. On the 31st he rises at 6h. 23m. p.m.,

with a northern declination of 21
'
24'. During the month

he describes a short retrograde path to the S.S.W. of the
&~ magnitude star 108 Tauri. A map of the small stars

near his path is given in the Kniilish Mechanic for August
16th.

October is rather a favourable month for observations

of shooting stars, the most marked shower being that of

the Orionids, from the 17th to the 20th of the mouth, the

radiant being situated in R.A. Vllh. 0m. + 15° declination.

The radiant point rises about Sh. 45m. p.m., and sets

shortly after 4h. a.m.
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The Moon is full ("Harvest Moon") at lOh. 47m. p.m.

on the 3rd ; enters her last quarter at 2h. 3im. p.m. on

the 11th ; is new at 6h. 10m. a.m. on the isth ; and enters

her first quarter at llh. 4m. a.m. on the 25th. She is in

apogee at 2h. a.m. on the 25th (distance from the earth

252,000 miles), and in perigee at 5h. p.m. on the 10th

(distance from the earth 224,320 miles) ; and in apogee

again at 4h. v.yi. on the 28th (distance from the earth

251,650 miles).

a^tM Column.
By C. D. LococK, B.A.Oxon.

Communications for this column should be addressed to

C. D. LococK, Burwash, Susses, and posted on or before

the 12th of each month.

Solutions of September Problems.

(A. C. Challenger.)

No. 1.

1. Kt to QR3, and mates next move.

No. 2.

Key-move.— 1. K to B7.

If 1. ... K to K4, 2. P to K3, etc.

1. ... K to K(;, 2. B to KtSch, etc.

CoRKECT Solutions of both problems received from
Alpha, E. W. Brook, W. Willby, A. Louis, G. A. F.,

J. T. Blakemore.

Of No. 1 only, from H. S. Brandreth, G. G. Beazley, and
A. E. Whitehouse.

J. T. Blakemore.—Yonr other three-mover has a rather

pretty second solution beginning with 1. B to Buch.
In correcting it could you not contrive to employ a smaller

force ? Twenty-six pieces are rather more than most
solvers care to see. Your other problem (amended) appears

below.

PKOBLEM.
By .J. T. Blakemore.

Buck (6).

,^ mm,,^ wl^', 0m._

Ill
* wMf. m

f»j

Whitk (11).

White mates in three moves.

The game given below was played in the fourteenth

round of the Hastings International Tournament.

"Evans Gambit."
White. Black.

H. E. Bird. II. N. PillabiiiT.

1. P to K4 1. P to K4 '

4. P to QKt4
5. P to B3
6. P to Q4
7. Kt to Kt5 (6)

8. KtxKBP (c)

9. BxPich
10. P to KB4
11. P to K5
12. PxKt
13. Castles

14. Kt to Q2 (e)

15. Kt to B3
16. R to Ktl
17. B to K3 (./)

18. Q to R4
19. RxB
20. R to Ql
21. R to R3 (0
22. B to Bl
23. Q to B2
24. R(R3)xQP
25. P to B5 (/,)

20. B to R3
27. Q to KB2
2s. K to Bl
29. RxR
30. QxKt
31. K to Kl
32. K to B2
33. K to Kl3
34. K to R3
85. P to Kt3
36. QxQ
37. KxP
88. K to B3
39. Resigns.

4. BxKtP
5. B to Q3 (rt)

6. Kt to B3
7. Castles

8. ExKt
KxB
P X QP (-0

B toK2
BxP
PtoQ4
PxP
K to Ktl (

/

P to QKt3
17. B to Kt5 {h)

18. BxKt
Q to Q3
EtoQl,
P to Q5
Q to K3 !

23. P toQO (y)
24. Kt to Q5
25. Q to K5
20. P to B4 (0
27. Kt to K7ch
28. ExR
29. QxE
30. QxPcb
31. Q to KtSch
32. B to Q5ch
33. Q to Kt3ch
34. P to KE4
35. Q to Kt5ch
36. PxQch
37. B to K6
33. B to K3

9.

10.

11.

12.

13.

14.

15.

16.

19

20
21

22

Kt to KBB
B toB4

2. Kt to QB3
3. B to B4

Notes.

(«) Commonly regarded as inferior ; but Mr. Pillsbury

believes in it, and adopted it consistently throughout the

tournament.

(i) The beginning of an ingenious but not very advan-

tageous combination. The " Handbuch " recommends
7. Castles, Kt x KP ? 8. P x P, with the advantage.

(f) A game between Anderssen and Kieseritzky was

continued 8. P to B4, PxBP; 9. P to K5, BxP; 10.

PxB, KtxP; 11. B to Kt3, P to KR3, and Black has

more than an equivalent for the piece.

{d) The correct reply. If instead he play 10. . . .

B to K2, 11. BP x P, Kt to Ksq ; 12. Q to Kt3ch wins for

White. So also 10. ... KtxKP, 11. BPxP, Q to

E5ch ; 12. P to Kt3, KtxKtP; 13. Q to B3ch, Kt to

B4ch ; 14. K to Qsq is good for White.

(c) A mistake ; he should defend the Pawn at all hazards

by 14. B to Kt2.

( / ) Threatening P to B7, which be cannot play at once

on account of IG. Q x P ! B x R ; 17. Kt to Kt5ch, with a

winning attack.

(r/) Tempting Black to play 17. . . . P to Q5, which

would be premature. The Queen might check in reply,

followed by 19. R to Qsq.

(/i) Or 17. ... B to B4, 18. E to Kt5, Kt to K2
;

19. B to Q4 (or Kt to Q4), P to B4, etc.

(i) B to Bsq at once would save a move.

(y) This may possibly be an oversight. Though Black

wins, the complications are so bewildering that a player in
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Black's position should hardly have ventured on incurring

the risk.

(A) Just to make it more complicated, but it only

improves Black's position. He should play Q to KB2 at

once.

(/) Obviously, if he takes the Queen, White mates in

four moves ; but the trap was worse than useless, and
enabled the American champion to finish oS the game with
a few powerful strokes.

The Chess Openings. By I. Gunsberg. (George Bell

and Sons.) This is certainly one of the most useful of the
many shilling guides to the openings which have appeared
during the last few years. The leading idea of each
opening is explained before it is analysed, while the analysis

itself is select rather than exhaustive. Indeed, some
openings—notably the French defence, which is rather

peremptorily dismissed in four columns—might well have
received a more discursive treatment. Others, such as the
close game, occupy more space than usual. The tables

are brought well up to date, and in many cases are original,

old-fashioned variations being discarded in favour of the
new. The book gains additional value from the fact that

it is the work of a recognized expert.

Common Sense in Chess, By Emanuel Lasker. Mr.
Lasker informs us that his recent series of twelve lectures

on the game will shortly be published under the above
title. Single copies will be sold at 2s. 6d., but a con-
siderable reduction will be given on orders for six copies
or more. Subscriptions tor the work should be sent to

E. Lasker, 71, Chiswell Street, London, E.G.

CHESS INTELLIGENCE.

After more than four weeks' continuous play, the
International Tournament at Hastings was brought to a
successful conclusion on September 3rd. The following is

the complete score :

—

1st prize (£150) - H. N. Pillsbury - Ifii

2nd prize (£115) - M. Tchigorin - - 1G'
3rd prize (£85) - E. Lasker - - - 15^
4th prize (£60) - Dr. S. Tarrasch - ll"
5th prize (£40) - W. Steinitz - - - 13
Gth prize (£80) - E. Schifi'ers - - - 12

7th prize (£20) - £ t"" f^'^'^'^^'' |- IH
'^

^ ' M. Teichmann
J

^

The remainder in order being :—C. Schlechter, 11 ; J. H.
Blackburne, 10^ ; C. Walbrodt, 10 ; A. Burn, D. Janowski
and J. Mason, 9i ; H. E. Bird and I. Gunsberg, 9 ; A.
Albin and G. Marco, 8i ; W. H. K. Pollock, 8 ; J. Mieses
and S. Tinsley, 7| ; and B. Vergani, 3.

Mr. Pillsbury's victory comes as a surprise even to those
who knew of the improvement in his play. The young
Bostonian is not yet twenty-three, and this is his first

International Tournament. He and Tchigorin owe their

position to their escape from any continuous run of ill-luck

such as befell Tarrasch in the first week, Steinitz in the
second, and Lasker in the third. On the other hand,
Pillsbury refused a draw with Schlechter, and had
considerably the best of his drawn game with Marco.
Lasker played finely, apart from the temporary breakdown
referred to, and some of his victories were the shortest

games of the tournament. Tarrasch and Steinitz recovered
lost ground in a marvellous manner during the concluding
stages

;
given perfect health, all these three might have

been at the top. The same cause spoilt Von Bardeleben's
chances. For the first fortnight he was invincible ; after

that he broke down, and had to resign a game to Pillsbury

without playing. Schlechter gave up his drawing policy

in the last week or so ; still he drew no less than twelve

games out of the twenty-one played. Many will be
surprised at Bird drawing ten games, but here the cause is

dift'erent. Violent attacks lead to open positions in which
both Kings are liable to perpetual check ; moreover, Mr.
Bird draws many end-games which with more accurate

play might be won. Of the other players, Walbrodt and
Marco lost far more games than they are accustomed to

lose. Marco's score is particularly disappointing ; in

Vienna he is considered superior to Schlecter. Mieses

secured some good draws against the strongest players

;

otherwise he hardly did himself justice after the first week.

Those who noticed our prediction in the August number—
that the first prize winner would score 16, and the last on
the list but one, 7—will see how nearly it was verified,

both scores being correct within half a point. The Italian

representative, as we expected, had no rival to dispute his

claim to the last place. Pollock did very well in beating

Steinitz and Tarrasch, and so coming out above Mieses.

The Minor Tournament must be dismissed briefly.

There were thirty-two entries, and the prizes were taken

as follows:— 1, Herr Geza Maroczy; 2, E. Loman and
H. E. Atkins ; 4, Herr W. Cohn. These were the four

section winners. Messrs. F. HoUins, R. P. Michell, Dr.

Smith, and Rev. J. Owen were second in their sections,

and took the lesser prizes in the order mentioned. Mr.
Owen actually tied with Herr Maroczy in his section, but

lost in playing off, and afterwards broke down. Mr. Atkins

takes the challenge cup, and the title of Amateur Champion
of Great Britain.
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THE COINAGE OF ROME.

By G. F. Hill.

THE coinage of Rome, and of those parts of the

Italian x^eiuisula which did not come most
directly in contact with Greek civilization, offers

a striking contrast with the coinage of Greece.
'

Whereas, in the first place, the latter began with

the more precious metals, Italy at first contented herself

with bronze (nes) as her medium of exchange ; for the

coinage of silver and gold, though these metals were well

known, was not introduced until comparatively late. And
as Koman civilization generally was some centuries behind
that of Greece, it is not until the middle of the fifth cen-

tury that coinage, properly speaking, can at the most
liberal estimate be conceived to have begun in Rome ; while

there are reasons for putting the commencement nearly a

century later. Previonsly to the commencement of coinage

proper, the medium of exchange in Italy, as in other parts

of the world, had been cattle, values being reckoned in so

many oxen or sheep. The transition from this system to

the money system was made by the use of amorphous
lumps of bronze {aes rude) which circulated by weight.

Such pieces of metal cannot be called money, any more

* See " Coinage of the G-reeks," in Knowledge, June, 1895.

than their predecessors the sheep and oxen, and therefore

as numismatists we are only secondarily concerned

with them. It is, however, worth noting that long alter

acs rude had been superseded by coined money, it^ was

retained in use for certain special purposes. It was retained,

for instance, together with the scales in which it was

weighed, to perform a ceremony necessary to the validity

of the transfer of certain kinds of property. It was also

frequently devoted as an offering to various deities, in the

localities of whose shrines large quantities have been

found.

It is with the «(.^ siinuitum (bronze marked with a design)

that our description of Roman coinage must begin. Homo
authorities, as we have already said, refer the beginning

of this coinage to the middle of the fifth century before

Christ, and this view is based on literary tradition ;
but

even if the literary evidence can bear the interpretation

put upon it, it must always yield to the evidence of coins

themselves. And a comparison with the coinage of the

rest of the world proves conclusively that the earliest

pieces which have come down to us belong to the fourth

century, and by no means to its earliest years.

We meet at the outset with an important difference from

Greek usage as regards the method cf coinage. Greek

coins were, almost without exception, struck with a die
;

but the bronze coinage of Italy was cast in a mould, and

the reason is obvious. The small value of copper as

compared with silver and gold necessitated the U3C of

large masses of metal to represent high denominations ;

and to strike such large masses with a die requires skill

and power which are ditlicalt to provide even in modern

times, not to mention the fact that few dies would stand

the strain. The metal was, therefore, given the required

form by casting, and even in later times the officials of

the Roaian mint retained the title of " commissioners for

cmtiiui and striking bronze, silver, and gold." In some

of the pieces projections at the sides of the coin mark the

points at wliich the liquid metal entered the mould

(Fig. B).

The earliest cast coinage took, for large denominations,

the shape of oblong bricks of metal, weighing from four to

five Roman pounds (Fig. A). Probably contemporary

with these are the smaller pieces of the more convenient

circular shape (Fig. B). This is what is known as

acs ;/;«((• ("heavy bronze," so called, of course, in comparison

with the hghter coinage of later days). The large size of

the early pieces necessitated a thick as well as a broad

fabric. Bat with the gradual decrease in size of the pieces,

which we shall describe later, we arrive at a fabric hardly

differing from that of the Greeks. For about 209 b.c. the

smaller bronze coins were struck instead of cast, and some

twenty years liter the process of casting ceased entirely

to be employed.

About the same time as the aes r/rave was introduced

the extension of the power of Rome over the peninsula

had compelled the Romans to adopt the customs of their

South Italian neighbours, and issue coins in silver and

even in gold. But it is characteristic of Roman con-

servatism I hat the first coins in these metals struck by

Roman authority were struclr, not for Rome itself, but for

the subject states, or rather as war money, to be used in the

wars waged byRome against the Samnites, the Greek general

Pyrrhus" and the Carthaginians. About 3i2 b.c, when the

Romans began to interfere with the affairs of Campania,

the coinage hitherto issued by the cities in that district

was repla°ced by pieces of silver, bronze, and (a little

later) gold, issued by the Roman generals and bearing

the name of the Roman people (Figs. (5 and 7). Still, it

was not until some seventy years later that Rome struck
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silver for her own use (269 b.c, Fig. 9). This date marks

the practical cessation of the various independent coinages

of Italy ; almost all the cities now heing compelled to issue

only small change on their own account, and to use the

Eoman money for higher denominations. Gold still con-

tinued to circulate hy weight, and indeed this metal was

never reduced to a regular system of coinage until the

time of Augustus. There are, it is true, instances of gold

pieces being struck by the Eomans. For example, besides

the Campanian gold already mentioned, there was a con-

siderable issue of gold (Fig. 8) during the second Panic

War (in the end of the third century) ; but this was made
solely for the purpose of carrying on the war in Southern

Italy, and must be regarded, like the Campanian gold, as

"money of necessity " rather than as regular coinage. The
gold pieces, again, struck by Sulla (Fig. 1-5, Head of Venus,

and Cupid; n-cccst', trophies and sacrificial instruments) and

in a single hoard, buried seven years after his death, no

less than eighty thousand pieces were collected.

The coinage of silver under the Empire was not so

severely restricted as that of gold. At the same time, only

a few mints were allowed to strike even in this metal, the

largest series being those of Alexandria in Egypt, Antioch

in Syria, and Ciesarea in Cappadocia (Fig. 20 shows .the

sacred mountain Arg.eus, near Cieaarea). The silver of

these mints becauie rapidly debased, until it was no longer

distinguishable from bronze. The actual bronze coinage of

the Roman Empire may be divided into two classes. The
first is that struck at Rome by the orders of the Senate (the

ordinary " large brass " coins, marked with the letters s c —
" by decree of the Senate") ; the second is the money issued

by the various cities of the provinces, from the Atlantic

Ocean to the Euphrates. Of the vast quantity of bronze

coins turned out bv these mints, it is difficult even for the

Yia. A.

—

Ai'.i Nii/iiirlum, tlu- Karliest Cast Coinage of Romf

Pompey the Great in the first century were also no regular

coinage, but were probably issued for show, or for dis-

tribution as presents. The coinage of gold was strictly

forbidden in provinces where Rome had anything to say.

But as in Greece Alexander the Great had signalized the

universality of his rule by enormous issues of gold, so

the universal empire of the Romans was marked by the

imperial metal being placed at the head of the coinage of

the world. Alexander had not been able to prevent the

various Greek states issuing gold on their own account,

but under Roman rule the use of this metal was much
more strictly reserved to the Imperial exchequer. Some
idea of the amount of gold issued by Julius CiPsar and his

immediate successors may be gathered from the fact that

specialist to form any conception : and a glance through a

representative collection will do much to impress one with

the fact that under the early Roman Empire the civilized

world enjoyed a condition of material prosperity such as

those who read only the history of the Roman court can

never realize. After the time of the Emperor Gallienus

(253-208 A.D.), the coinage shrinks considerably in amount,
and there is no extensive series issued by any city on its

own account, except Alexandria. We have now only the

Imperial coinage, issued not only in Rome, but in provmcial

mints, such as London, Treves, Lyons, Milan, Nicomedia,

Antioch, Alexandria. The number of these Imperial local

mints was further increased by Diocletian (28-1-305).

From this lime until the fall of the Roman Empire in<
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the West in <176 a.d., there is no important change to

chronicle, except the rise of the Byzantine coinage, which,
being an outcome of the breaking away of the civiHzed

world from Rome, may well be left for consideration in

connection with the coinage of Europe in the Middle Ages.

In the above sketch of the history of Roman coinage we
have taken no account of the changes in the monetary
standard. This, nevertheless, is a most remarkable feature,

and must, at the risk of tedium, be dealt with in some
detail. The Roman bronze coinage was based on the

pound (libra) of bronze, and the mass of coined metnl
supposed to be equivalent to the pound was called ax.

twenty-fourth of its original weight. (Figs. 1—5 represent
this gradual degradation, the se.rtans being selected as
typical). This degradation, which is without parallel in
the history of coinage, is only partially explained by the
tendency of all heavy coinages to fall in weight. It is

probable, nay more than probable, that soon after silver

came into use, the bronze coins became more or less

tokens ; that is to say, they were given an arbitrary
value, and their exact weight was, therefore, a matter of
small importance. The poorer a metal is the greater is the
tendency to use coins made of it as tokens rather than as
pieces expected to realize their intrinsic value. A further

I'lG. i!.

—

Lihral As. First Cu-cului- CL' Luin;i;je.

I

s
• •••
• ••
• •

The lis was divided into twelve ounces {uiuite), and the
denominations (which were all, as we might expect from
the practical Romans, marked with their value) were thus
as follows :

—

As = 12 unciffi, marked with
Semis or Half = 6 ,, „
Triens or Third =4 ,, ,,

Quadrans or Fourth = 3 ,, ,,

Sextans or Sixth ~ 2 ,, ,,

Uncia or Twelfth
There were also multiples of the as, such as the

dupondius, gundntssis, (/uincussis, and even decussis, of 2,

4, 5, and 10 assfs respectively. And, at any rate later,
there were divisions of the imcia.

As a matter of fact no extant specimen of the so-called
_" libra! as " (Fig. B) is of the full weight of the libra, and it

is clear that no attempt was made to attain exactness in
weight. The as then began badly, and went through an
extraordinarily rapid process of degeneration. The exact
stages of this process are not certainly fixed, but they seem
to have been somewhat as follows. The first great reduction
took place in 2G9 b.c, when the as was reduced to a third
of its former weight {triental as). About 250 b.c, the
sextantal as (= two old uncia) was recognized. In the
second Punic war a third reduction took place giving the
wicial as, and later still the standard fell one-half to the
semancial as. Thus in the course of some two centuries
the bronze standard of the Romans was reduced to one

explanation of the degradation is to be sought in the
shrmkage which takes place whenever a cast is made. If

the mould for one coin is made from another coin, the new
coin in cooling will become slightly smaller than its model,
and a third coin reproduced from the second will be
smaller stiU.

The bronze coinage, which had been thus reduced to so
insignificant a position, seems actually to have ceased
about H8 B.C. It was not till the time of Augustus that
the Roman mint again made a regular issue of bronze
money, although generals like Julius Ctesar and Marc
Antony struck bronze in the provinces.

With regard to the silver standard, it is only necessary
to say of the Roman coins struck for the Campanian cities,

that they conformed to the Greek standard already in use
in that district, the stater (Fig. 7) weighing 112 grains and
under. The unit of the silver coinage of Rome itself was
the denarim (Fig. 9, weighing /^ of a pound, equivalent to 10
asses, and marked with X) ; and the small denominations
were its half (quinarins, V) and quarter (sestertius, 2^ asses,

represented by IIS, afterwards written HS). These marks
of value cease to appear on the sUver coinage about 90 b.c.

In the Hannibalian war, when the as underwent its thu-d
reduction, the value of the denarius was slightly raised
by lowering its weight from .-',- to -^^ of a pound of silver.

At this weight it remained for more than three centui-ies,

and the coins were never alloyed. At the same time the
Roman mint openly indulged in the practice of issuing a
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certain number of demirii of bronze plated witli silver.

These were mixed with the good coins in each issue, and
there was no attempt to conceal the fact ; and as the
treasury was obliged to accept its own bad coin, these
issues stand exactly on a level with the paper-money of our
own times, except in so far as they made the way more
easy for the private forger. Besides the denarius we have
also to note the ricloii'atus (so-called from the figure

of Victory erecting a trophy on the reverse ; Fig. 10).

This was first issued about 227 b.c, for circulation in

Southern Gaul, Northern Italy, and lUyria, and was
based on a unit equivalent to three-quarters of a denarius.
Hut it soon went out of use again, its type being adopted
for the quinarius. The quinarius itself and the sestertius

both ceased before long to be issued regularly.

The Eoman gold coins (Fig. 8) which were struck
during the llaunibalian war also bear marks of value, but
in terms of the sestertius, not the denarius. Thus

—

4,X = GO sestertii = 15 denarii

XXXX = 40 „ = 10 „
XX = 20 „ =z 5 „

We have already alluded to the gold coins struck by
Sulla and Pompey. Coins similar in character to these

were struck by .Julius Csesar. Augustus issued an marus
(Fig. 16) equivalent in value to 25 denarii, at the weight
of 40 to the pound of gold, and along with it a half-

aureus. He also commenced a fresh issue of denarii, but
adhered to the usual weight. His reforms in the coinage
of small change were important. A large piece (Figs. 24,

25, 27, 28) called the sestcrtim (but wrongly, for it was
equivalent to 4 asses) was issued, with its half {ilupdiuUus)

and quarter (as), and smaller denominations. The denarius
being equivalent to four sestertii was now equivalent to

sixteen asses. The small change was merely a token-

money, the as being nearly equal in size and weight to its

double, the (lupondius ; but while the latter and the sester-

tius were made of yellow brass or oriehalcum (copper
alloyed with zinc), the as and smaller divisions were made
of pure copper.

Such was the beginning of the Imperial coinage. But
the degradation to which Eoman coinage seems to have
been peculiarly susceptible soon made itself apparent.
By A.D. 215 the aureus was worth only J^- of a pound of

gold, and the denarius only contained 40 per cent, of pure
silver. The Emperor Antoninus (commonly known as

Caracalla) now introduced a new silver piece {anjenteus

Antoninianus, Fig. 21), worth half as much again as the
denarius, from which it was distinguished by having the
Emperor's head in a radiate crown (instead of laureate),

or the Empress's bust on a crescent.

The debasement went on till the time of Diocletian, who
in A.D. 296 made a clean sweep of all existing coinage, and
issued a fresh series :—an aureus of

-,iV
of a pound, and a

silver centenionalis. The debasement of silver had driven the

copper coins out of existence ; Diocletian now issued two
kinds of copper coins, the follis and the eopper denarius.

Of later changes we need only note that Constantine
reduced the aureus to J^ of a pound, calling it the solidus

(Fig. 22), and issued two kinds of silver, the miliarensis

(= -jV sdlidus), and its half, the siliqua.

We may now pass to the consideration of the types

which occur on the coinage of which we have sketched
the history, and of its artistic value. The latter is, at most
periods, comparatively small ; for the Romans were not an
artistic people. Indeed, the hard matter-of-fact way of

looking at life, which was characteristic of this race, made
it at the same time especially fitted to attain the dominion
of the world, and unfitted to entertain the artistic ideals of

the Greeks. In one form of art they did attain a very high

degree of excellence—and that is, portraiture. But this is

precisely the branch of art into which the ideal element
least enters. Even so, it was long before the Romans found,

so to speak, their artistic vocation. The type'; of the

early coins are such as we might expect from our tudy of

the tireek series : animal-types, such as the ox ( jssibly a

reminiscence of the old medium of exchange. Fig A), or the

elephant (an allusion to the animals employed b^ the Greek
King Pyrrhus, in his war against the Romans in the early

years of the third century) ; or, again, types with a religious

significance, such as the eagle standing on a thunderbolt

(both attributes of Jupiter). It is not certain which of

these early pieces are to be given to Rome and which to

other cities of Italy, except in the cases where the word
RoiiANOM actually occurs on the coin. The aes ijrave series

(Figs. B andl //') presents us with a somewhat uninteresting

set of types. The type of the reverses of all the denomina-
tions is uniformly the prow of a vessel of the kind

used in the fourth century—a proof, if needed, that these

coins did not come in before that time. The various

denominations are distinguished, in the first place, by the

marks of value (sometimes on both sides) we have already

described, and in the second by the type of the obverse.

The as (Fig. B; bears always the double-head of the god
-Janug (cp. Fig. 6) ; the semis the laureate head of Jupiter, the

triens that of Miuerva wearing the helmet, the quadram that

of Herculeg in the lion's skin, the sextans that of Mercury in

his winged hat (Figs. 1—5), and the iineia that of Minerva
or Roma herself. These coins are of a style which belongs

not to the primitive artist, but rather to a people who care

little for the artistic value of the things they handle. The
Republican Roman, in fact, cared no more for the beauty

of his coins than does the modern Englishman.
The first gold and silver coinage (Figs. C and 7) struck,

as we have seen, for use outside Rome, bears, like some of

the acs siefitatum, the name of the Roman people. As a

rule, the types are not of sufBcient interest to detain us,

since we have seen better things of the same kind done by
the Greeks. Fig. Ci shows two soldiers taking an oath

over a slam pig. It is interesting to note on No. 7 an
early, if not the earliest representation of the Roman
national legend, a she-wolf suckling the twins Romulus and
Kemus.

After the reduction of the as, the copper as well as the

silver, now actually issued in Rome, bore the name of the

city. The most frequent type of the reverse (the obverse

bearing the head of Rome) on this early silver is the

heavenly twins Castor and Pollux, whose appearance at the

battle of Lake Regillus was one of the most popular of

Roman legends. The heroes are represented (Fig. 9) on
horseback, charging the enemy ; they wear conical caps,

and above the head of each is a star.

The second and first centuries before Christ form the

last period of republican coinage. The characteristic of

this time is the appearance on the coins of the names (at

first in abbreviated form, and then gradually at greater

length) of the officials charged with the issue of money.
These names (which, however, cease about 36 b.o.) enable

us to ascertain with comparative exactitude the dates at

which individual pieces were issued. The types, at first

uniform, first began to be varied in 100 b.c, and from
this time they have a personal significance ; that is to

say, they relate to events in which the ancestors of the

moneyers, less frequently the moneyers themselves, took,

or were supposed to have taken, a part. Thus a denarius,

struck between 184 and 114 u.c. by Marcus Csecilius

Metellus (Fig. 11), shows on the reverse a Macedonian
shield, with an elephant's head in the centre, the whole
surrounded by a laurel wreath. This is, in the first place,
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an allusion to victoriea won by Lucius Cieciliua Metellus

in Sicily in 250 B.C. Elephants were a formidable feature

of the army of the Carthaginian Hasdrubal, whom
Metellus defeated at Panormos (Palermo), ami the cap-

tured animals figure on the coins of his descendant, as

they had figured in his own triumphal procession. The
shield, on the other hand, must refer to the victories won
by another Cipcilius Metellus in Macedonia from 148-1-16

B.C. These " family " denarii were imitated by the

Italian generals who headed the revolt against Eome,
known as the Social War of 91-88. The obverse of Fig.

13 bears a head resembling that of Eoma on Fig. 9, but

with the legend ITALIA. On the reverse of another coin

(Fig. 11) are a bull trampling on the Eoman she-wolf,

and the name of the general Gaius Papius (in the local

alphabet). The later denarii of this period bear the name
not only of the moneyer but of his superior ofiicer. Thus
a coin (Fig. 12) probably struck in Macedonia under
Brutus, the murderer of Cfesar, bears on the obverse the

name of his subordinate Lucius Sestius and the head of

Liberty, on the reverse the name of Brutus himself and
sacrificial instruments. The improved style of this period

is partly due to the fact that many of the pieces were
struck in Greece and the dies engraved, in all probability,

by Greek artists. Rome could no longer resist the influence

of Greek art, and with the commencement of the Empire
there was a great influx of Greek workmen into Rome.
Now begins a splendid series of coins with unsurpassable
portraits of the rulers of the world (Figs. 16, Augustus

;

17, Vespasian; 18, Faustina II.; 21, Trajan, «!<•;«, the

Forum ; 25, Hadrian, rci-fisc, Justice). For about two hun-
dred and fifty years the art of portraiture maintains a high
level, rising perhaps highest in the time of Hadrian (Fig.

25, rei-frst', .Justice) and his immediate successors. The
reverse types are often of great interest. No. 27 gives a

view of the Coliseum ; No. 28 shows .Tudfea seated under a

palm and guarded by a Roman soldier (referring to the

subjugation of the Jews by Titus). The increased diameter
of the copper and brass coinage reintroduced by Augustus
provided room for an art which is almost medallic. What
are called Roman medallions (Fig. 26, Marcus Aurelius,

/•f!r>-s«, Neptune), were pieces of an even larger size, struck

in all three metals, and probably serving for memorials
and not for currency.

Augustus had abolished the Board of Moneyers in b.c. 3.

The right of coinage in gold and silver now resided in

the Emperor, whose portrait and title appeared on the

obverse of the coins. The details given in the titles often

enable us to date a coin more or less accurately. Thus
No. 21 was struck, not before the fifth consulship of

Trajan (a.d. 103), but before a.d. 112, when he was consul

for the sixth time. After the third century, however, the

titles cease to be given in full. As regards the bronze
coinage of the second or provincial class, it is to be noted

that the cities struck large numbers of coins without the

head of the Emperor, but with some ideal type, most
frequently the head of the Roman Senate, of their own town
council, or of the " People." The reverses of the coins were
occupied by a great variety of designs, allegorical, mytho-
logical, historical, architectural, or merely ornamental.

The interpretation of these designs in the case of the Greek
provincial coins is most important as illustrating the life

of the time. A vast mass of information of historical

importance, relating to the religion, politics, and external

aspect of the Greek cities, is being gradually gathered from
this interesting, though not very artistic series.

We may notice here four coins. The first ( No. 29) was
struck at Ephesus,and represents the cultus-statue of Diana
of the Ephesians in her temple. The idol is mummy-shaped

up to the breast, and wears on her head a tall head-dress,

from which falls a veil. Her arms stick out sideways

from the elbows, and from the hands hang fillets. The
lower parts of the columns of the temple were decorated

with sculptures in relief, traces of which may be perceived.

In the gable we also see a representation of the pedimental
sculptures of the temple. No. 30 was struck at Cnidus in

Caria, a town adorned by a famous statue by Praxiteles of

Aphrodite going down into the bath. The work of the

coin is very poor, but is valuable, in connection with the

known Roman copies of the statue in Rome and Munich,
as giving the pose of the lost original. No. 31 (struck at

Elis) represents the famous statue of Zeus at Olympia, by
Pheidias. He is seated on his throne, bearing on his

right hand a statue of Victory, and holding his sceptre in

his left. Finally, No. 32, of Samos, shows us the goddess

Hera, in a guise not quite so hieratic as the Ephesian
Diana, but still formal. Beside her stands the goddess

Nemesis. These coins, though we cannot here discuss

their types in greater detail, suffice to show the interest

attaching to the class.

After the second century all pretence to artistic merit

on the part of Roman coins vanishes. AVe have space

here for only three coins of this later period; No. 21, of

Allectus, the usurper who reigned in Britain from 293 to

296 A.D. (reverse, figure of Peace, carrying flower and
sceptre) ; No. 22 of Constantine the Great {reverse. Victory

carrying a trophy and palm branch ; in the field the Chris-

tian monogram) ; No. 23, a triens (^ solidus) of Romulus
Augustus, the last Emperor of Rome (475-6 a.d.). This

last coin bears the simple cross ; but the solidus of

Constantine shows the Christian monogram in combination

with the distinctly pagan type of Victory, illustrating the

fact that the transition from paganism was not a complete

and sudden change, but a gradual grafting of the new
ideas on the old stock.

Note.—The various metals are distinguished in the plate as

follows:—A/, Aurum, gold; .4?, Argentuin, silver; /E, Acs, bronze

or copper.

ALABASTER.
By Eicu.uiD Beyxon.

ALABASTER does not hold a very high place in

popular taste at the present day. It is admittedly

a delicate and pretty stone ; but that is all.

Time was, however, when its translucent beauties

were universally admired, and the " whitish

stone," as the Arabic al haUtraton denominates it, was
keenly sought after. The alabaster so highly prized by

the ancient inhabitants of the Nile valley does not seem

to have been a true alabaster at all, but rather a species

of stalagmitic limestone, beautifully clouded and prettily

banded, and now generally known as Oriental alabaster,

or onyx ma.rble. Alabaster boxes or bottles were con-

sidered the most fitting receptacles for the costliest of

Eastern drugs and perfumed ointments. In fact, the

term alcihastra came to be applied to any valuable vessel

in which the rarer perfumes were contained.

Among the Romans alabaster was as highly esteemed

as among the Egyptians. They looked upon the chaste

purity of the white variety as peculiarly fitting it to

contain the ashes of the dead, and hence the fact that the

cinerary urns were so largely constructed out of this

material. But the Romans were specially favoured in

the matter of alabaster. In the province of Pisa are

deposits of the mineral, which were doubtless being worked

upwards of four thousand years ago. The true alabaster,

the hydrated gypsum, or sulphate of lime, is found in
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large quantities nowhere outside the province of Pisa.

Of so-called alabasters there are legion. They occur in

the Tyrol, in Saxony, in Derbyshire, and many other
places ; but most of them, like the Oriental alabaster, are

a form of carbonate of lime. Even where the alabaster is

alabaster, it is frequently so poor in quality and so lacking
in beauty and fineness of texture, that it is subjected to

the base process of being ground to a powder to make the
well-known plaster of Paris. But the Pisan alabasters

are simply incomparable. All possess a marvellous softness

of texture, and some can even be scratched with the finger-

nail. But the rarest and most expensive of all alabasters
is a yellow one found at Volterra. This city has been
famous for its alabaster from time immemorial.

Four thousand years ago its alabaster quarries, if they can
be so described, were in full swing, and they have probably
been worked continuously ever since. The Palazzo
Pubblico of this ancient Etruscan city contains a rnuseum
rich in priceless antiquities, among which cinerary urns of

alabaster play a prominent part. In the days of the
Etruscan league when Volterra was a city of much
importance, with a population numbering one hundred and
twenty thousand, its walls, forty feet high and thirteen feet

thick, enclosed a space four and a half miles in circum-
ference. Beyond the crumbling ruins of this mighty
barrier lie the alabaster caverns. Quarries they cannot be
called, for the mineral is not extricated in the open, but
dug out of caves, the entrance to which is often by way of
a long and winding passage. No shafts are sunk from the
outer air, so that the ventilation is none of the best, and the
atmosphere is hot and stifling, as may be readily under-
stood when it is stated that some of the caves are reached
by subterranean passages a mile in length. This necessi-
tates the quarry men working in short shifts of two hours,
and no underground workman is allowed to labour more
than six hours per day. In spite of this, however, alabaster
getting is held to be healthy work, the white impalpable
dust which each worker must inhale in large quantities,
being considered antidotal to the diseases common to the
district. Be that as it may, the alabaster workers are
certainly as healthy and long-lived as their comrades who
labour in the open.

The alabaster is found in nodules or detached blocks
imbedded in clay or limestone, and great care has to be
taken in extricating these so as not to reduce the size of
the piece.

The freshly-wrought alabaster is either exported or
disposed of to the carvers or sculptors, or to the proprietors
of fine art galleries who engage sculptors to carve statuary,
flowers, etc. Many carvers, however, prefer to work for

their own hand and buy their alabaster direct from the
owners of the mines, trusting to sell their finished work to
customers direct, or failing this to the middlemen who
own the galleries. Much of the raw material, however,
is not worked up at Volterra but is sent ofl" to Florence,
Leghorn, or Pisa, where there is a better chance of
obtaining patrons.

At first sight it seems difficult to account tor the
declining character of the alabaster industry. But one
cause which has operated in this direction is the poor
taste displayed by the carvers and sculptors of alabaster
articles. The artistic instincts of both English and
Americans have of late years undergone a very material
refining process, and what years ago might have been
dubbed elegant and pretty, would, according to our better
hghts, be considered as a grave oft'ence against the canons
of correct taste. Everyone is familiar with the wonder-
fully-carved alabaster flowers, or fruit, or florid vases
which our sea-going friends insist we shall religiously

preserve under a glass case as a treasured possession.

These are bad enough in all conscience ; but what can
be said of alabaster models of steamships carefully and
elaborately carved in full detail, even to the propeller, the

whole supported upon pediments of alabaster as a ship

rests upon the blocks when in graving dock ? For our

American friends there are statues of Liberty, Brooklyn
suspension bridges. New York hotels with real windows
of coloured glass, through which the light of diminutive

candles may shine. All these, it must be admitted, are

most faithfully executed, but of artistic feeling there is

Uttlfi or none. Italian carvers, too, seem to think that

nothing is so pretty and effective as an alabaster picture-

frame !

The English climate, too, is all against alabaster. To
a certain extent the substance is soluble in water, and the

humidity of our atmosphere soon creates a roughness of

surface, which has a powerful aflinity for dust and grime.

A leaning Tower of Pisa in alabaster may be wonderfully

pretty, but to preserve the beautiful translucency it is

necessary to encase it, and the English nation has now
been educated above the once omnipresent glass shade.

Clearly, the alabaster industry is at present under a cloud,

which shows little evidence of lifting. It may, however,

alter for the better when the artistic taste of the Italian

carvers improves, and they set themselves to reproduce in

miniature the truly beautiful works of art with which their

land abounds.

ADHESIVE ORGANS IN ANIMALS.
By K. Lydekker, B.A.Cantab., F.R.S.

EITHER for the purpose of holding on to inanimate
substances, and thus securing protection from
attack or safety from the bufletings of the waves,

or by attaching themselves to the bodies of other

creatures, and thus obtaining an ample supply of

food without any exertions of their own, a considerable

number of animals have developed suckers, or other

adhesive organs, on some parts of their bodies or limbs,

and as these sucking-organs vary considerably in their

specialization and plan of structure in difterent groups,

their comparison forms an interesting subject of study.

In addition to these sucking-discs, which are purely for

the purpose of adhesion, there are in certain animals, such

as the lampreys and leeches, suckers formed by the mouth,
thus enabling the fortunate owners of such organs not only

to attach themselves, but likewise to procure their food by

devouring the blood or flesh of the animal to which they

are temporarily fastened.

Probably the simplest, although nevertheless a highly

efficient, type of sucker are those of the limpet, and of

certain other molluscs found on some parts of our coasts and
known as chitons. In these creatures the sucker is simply

the soft under surface of the body—the so-called foot

—

which on being applied to any fairly smooth surface, and
the centre elevated by muscular action, at once forms a

sucking organ without any special structural modification.

And it is probable that in a considerable number oi

instances suckers have originated from a portion of the

general surface of the body having been used in this

manner, and finally developing structural modification.

Suckers, as everybody knows, are very commonly present

in insects, but are much more rare among the higher

animals and molluscs, and it is therefore chiefly from the

two latter groups that our examples of these peculiar

structures will be drawn.
Among mammals, suctorial discs are a very unusual
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feature. It is true that there are so-called blood-sucking

bats, but these merely abrade the skin with their sharp

front teeth and swallow the blood as it flows from the

wound, without having the mouth modified for sucking.

It is, however, in the same group that the best developed

suckers found in the whole mammalian class occur. These

suckers take the form of perfect adhesive discs developed

on the wings at the base of the claw, and also on the soles

of the hind foot, the wing-discs being very much larger

than those on the hind foot. Curiously enough these

suckers occur only in two species of bats, one of which

{Thyraptera) inhabits Brazil, and the other {yiyxoiwda) the

island of Madagascar; the distribution of these two species

being one out of several instances of a community between

the faunas of Madagascar and South America. In the

Brazilian species the clinging organs take the form of

small, circular, stalked, hollow discs closely resembling in

mmiature those of cuttlefishes. On the other hand, in the

Malagasy bat the wing-organ is a large, sessile, horseshoe-

like adhesive pad, covering the whole of the lower surface

of the thumb, and having its circular margin directed

forwards. Iii both cases the sucker on the hind foot is a

miniature of that on the wing. By the aid of their

adhesive organs these bats are enabled to cling to perfectly

smooth vertical surfaces, in the same manner as a fly

hangs on to a window-pane.

Apparently the only other mammal furnished with

suckers is a peculiar kind of web-footed water -shrew

{Xectix/ale elt'i/ans) from Tibet, in which the soles of the

feet bear disc-like adhesive pads, by means of which the

creature is believed to hold on to smooth rocks and stones

in the beds of the rapid streams it frequents.

Among reptiles, many of the lizards belonging to the

family of geekos have the extremities of their toes dilated

into adhesive pads, by which they are enabled to cling to

Fib. 1.—Adhesive Discs of Sucker-footed Bat. a, h, disc of wing ;

I', that of hind foot.

the surface of walls or upright faces of rocks. These do

not, however, take the form of true suckers, but are marked
by a number of very fine plates, or lamellfe, placed

symmetrically to one another, but differing very markedly
in their mode of arrangement in the various genera. This

type of adhesive organ seems to foreshadow that of the

remora among the fishes. In the amphibian class a

difl'erent type of adhesive organ is displayed by many frogs,

not only in the elegant little tree-frogs (Hi/lnlce), but like-

wise in some of the true frogs (Eanida). In these animals

the extremities of the toes are dilated into soft, rounded
pads, furnished with a viscid secretion, while there are

frequently similar pads on the under surface of the joints

of the toes. Although the sticky secretion doubtless plays

an important part in rendering these discs adhesive, it is

not improbable that they also act to a certain extent as

true suckers.

Greater variety obtains in the adhesive organs of fishes.

Perhaps the simplest type is that of the familiar little

gobies (Gohiida) of our seaside rock-pools, in which the

pelvic or binder pair of tins are united together in the

middle line so as to form a circular, funnel-shaped cavity,

apparently acting as an adhesive organ, by means of which
these fish anchor themselves to rocks or sea-weed. In the

true gobies {Gohim) the disc thus formed is separate from
the surface of the body, to which, however, it becomes
attached in the members of the allied tropical genus

Sicydium. Although formed in the same manner by the

union of the pelvic fins to form its bony base, the adhesive

organ of the much larger British fishes known as lump-

Fio. 2.—The Lump-sucker and its Adhesive Disc (a).

suckers (Cyclopterm ) attains a considerably higher degree
of development. Here it forms a circular disc placed close

under the chin, and surrounded by a fringe of filaments
;

and so well does this sucker act that, when once attached,

it is exceedingly difficult to make one of these fish let go
its hold. In a fish of eleven and a half pounds, the disc

measured upwards of two and three-quarter inches in

diameter, and Frank Buckland states that even after

death its adhesive powers were retained ; "for," he writes,
" after casting the fish, and having cut out the sucker,

leaving the thick side-bones under the gills, as it were for

handles, and having wetted the window-sill, I placed the

sucker flat on it, and it was just as much as I could do to

pull it off vertically, but there was not the slightest

resistance to any side-movement."

The most extraordinary adhesive organ is, however,
that of the far-famed sucking-fishes, or remorte f Echeneis i,

of which there are about half-a-score species, some of

which may attain a couple of feet in length. In these

fishes the organ takes the form of a flat, oval disc, covering

the upper surface of the head and neck, divided into a

number of chambers by a middle longitudinal ridge, and a

series of pairs of transverse partitions, varying in number
from twelve to twenty-seven. The disc causes the upper

portion of the head to be so flattened that, when the fish

is placed in the ordinary position, it looks as though it

were upside down ; the illusion being intensified by the

circumstance that generally the lower surface of the body
is darker than the upper. Unlike what obtains in the

fishes noticed above, in the remora the adhesive disc is

formed out of the spinous or front portion of the back-fin,

which has completely lost its original character. Eegarding

its origin. Dr. Giinther writes that the spines of the fin

" being composed of two halves, each half is bent down
towards the right and the left, forming a support to a

double series of tranverse lamellae, rough on their edges,

the whole disc being of an oval shape, and surrounded by

a membranous fringe. Each pair of lamella is formed
out of one spine, which, as usual, is supported at the base

by an interneural spine." When the remora applies the

disc to any flat surface, such as the skin of a shark, the

shell of a turtle, or a ship's bottom, the plates, which are

usually depressed, are raised, and a series of vacua pro-

duced, and by this means the creature adheres so tightly

that it can scarcely be detached except by pushing or



218 KNOWLEDGE [No\-EMBER 1, 1895.

pulling it along the surface. Many fables have collected

round the remora, which was known to Aristotle, and in

Ovid's time it was believed to have the power of stopping

a vessel on its course ; although, how this was effected the

poet is careful not to say. The dark coloration of the

lower parts is due to the circumstance that, when attached

to a foreign body, the fish generally have this surface

turned upwards. It has indeed been suggested that the

fish habitually swims, even when detached, in the reversed

position, but this has not been confirmed.

By being carried about, the remora, of course, gets a

much better chance of obtaining food than would be the

case if it had to depend upon its own powers of locomotion

;

but according to the observations of F. D. Bennett, the

duration of the fish's adherence to foreign bodies is much
less than commonly supposed. Thus he writes that "it
often merely swims around the body it attends, and only
fixes upon it occasionally, and for a very short time. The
adhesion of the buckler is chiefly effected by the smooth
membrane that margins it. After the death of the fish,

and even after the head has been separated from the body,

the moist membranous border of this organ adheres to a

plain surface with undiminished power. One muscle can
be raised and depressed by the fish independently of the
others, or all can be moved simultaneously and rapidly.

Their uses are, to fix the sucker more firmly, to offer

resistance in one determinate direction, and probably to

liberate the sucker by relieving the vacuum."
Not the least curious feature connected with the remora

is that it is a member of a family of which the other repre-

sentatives have no adhesive disc; and it has a very near ally

in a fish from the warmer coasts of the Atlantic and Indian
Oceans, known as Elacatc nii/rn. Hence the development
of the suctorial disc is a peculiar and specialized feature

which has not been inherited from other genera. That the
evolution took place at an epoch comparatively remote is,

however, proved by the occurrence of a fossil sucking-fish

in the lower Eocene slate of Glarus, in Switzerland.

To find an adhesive organ comparable to that of the
sucker-footed bats, we have to go to the molluscs, where
the cuttlefish and squids have these organs developed in

great numbers on the tentacles, or so-called arms, sur-

rounding the head. In most cases these are arranged on
the non-pedunculate arms in rows (usually four or two),

becoming smaller and more numerous towards the tip of

the arms ; and whereas in some forms their base is flush

with the surface of the latter, in others they are raised

on short stalks. Then again, their

margins may be strengthened by a horny
rim, either smooth or crenulated; and
sometimes their centre is armed with a

strong hook, which can be protruded or

retracted like the claw of a cat. Struc-

turally, according to the description of

Owen, these disc3 have a slightly

swollen margin, from which a series of

muscular folds converge towards the

centre, where a circular aperture con-

ducts to a cavity of gradually increasing

width. Within this chamber is a kind cf button, which
can be elevated or depressed in the samo manner as the
piston of a syringe, so that when the sucker is applied and
the piston withdrawn, a vacuum is immediately created.

It would be very interesting if we could trace the gradual
evolution of these highly specialized organs, but this is

unfortunately impossible. They may, however, have
arisen after cuttlefish were evolved as a distinct group,
since they are unknown in the allied group of cephalopods
to which the nautilus belongs ; but they arc now constant

Fia. 3—Sucker
Cuttle-Fish.

of

throughout the group, and thus differ markedly from all

the sucking organs hitherto mentioned. In the gigantic
cuttles occasionally met with in the ocean, they attain an
enormous size, beintj, it is said, in some cases, of the size
of dinner-plates. While these suckers are employed to
anchor their owners to submarine rocks, they are likewise
used for the purpose of seizing prey and bringing it within
reach of the jaws, and in this latter respect differ from
all those hitherto noticed.

Among insects, as already mentioned, many exquisite
examples of adhesive organs are to be met with, but the
only ones we have space to refer to here are those on the
fore-legs of the males of many of the water-beetles of the
family Diiticida. In the common English Ihjticus the first

joints of the tarsus are widely expanded so as to form a
nearly circular plate ; this being provided with a number
of suckers, one of which forms a very large disc, furnished
with strong radiating fibre, while a second and smaller one
is of the same type. Besides these are a number of small
tubular and somewhat club-shaped bodies, each furnished
with a very delicate sucker at its extremity. We have
been unable to come across any account of the use to
which these very beautiful examples of adhesive organs
are appHed, but their occurrence in the male sex alone
may suggest one to our readers.

In all the foregoing instances the adhesive organs are
formed either on the body or limbs, and, with the exception
of the cuttles, are used solely as a means of attachment.
The lampreys (Petromydda:)

and leeches {Hirudin idee),

which will be our last ex-

amples of these curious struc-

tures, afi'ord, on the other

hand, instances where the
,..j,,

mouth is modified into an
adhesive organ. In the lam-

preys, which although formerly
'''

included among fishes, are

now generally regarded as

constituting a class by them- yiq. 4.

selves, the mouth is surrounded
by a continuous circular or

suboval sucking lip, while internally it is armed with

a variable number of sharp teeth resting on a soft

cushion. Lampreys feed on the flesh of fishes, to whose
bodies they attach themselves by means of the suctorial

mouth, and when thus firmly fixed, rasp away the flesh

with their teeth. Frequently they cling for a long time to

the surface of their victims, and are thus carried long

distances. The occurrence of fossil lampreys in the older

Palaeozoic rocks of Scotland proves that this type of

sucking mouth is at least a very ancient, and probably a

primitive one.

Most likely the same is the case with the leeches, which,

as our readers are doubtless aware, belong to the great

group of annelids, or worms. In these, the anterior end
of the body terminates in a large circular sucker, within

which, or the pharynx, is the mouth. Very generally, as

in the common medicinal leech, the mouth is armed with

sharp teeth, and thus presents a curious structural

similarity to that of the lampreys, although there is, of

course, no genetic connection between the two groups.

Many leeches also have a sucker at the opposite extremity

of the body, by which they are in the habit of attaching

themselves to the leaves of trees, from which basis they

extend their bodies in the hope of catching hold of a

passing animal. In their habits leeches also present a

curious similarity to lampreys, except that they only suck

the blood of their victims, instead of feeding on the flesh.

kinft-moutU of-S
Lamprey.
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Did space permit, many- more examples of adhesive

organs might be noticed, although the majority of the

most striking have beeu referred to. A\ hUe adhesive

mouths appear to be primitive features of the groups in

which they occur, other suckiug-organs, with the probable

exception of those of the cuttlefishes, seem to be com-
paratively late developments, and occur only among certain

members of the groups in which they are found at all.

All these appear to have beeu produced quite independently

in the various groups, and as a sucker is not capable of

indefinite variation in form, it is not to be wondered at

that structure found La one group is frequently paralleled

in a totally different group. We have, therefore, in these

organs another excellent example of that parallelism in

development to which reference has been so often made
in former articles in Knowledge.

Note.—Figiu-e 1 ij taken from the "Studv of Mauimals" hj Sir

William Flower and K. Lvdekker, and Figures 2 and 4 from the

Study of Fishes '' bv Dr. txiinther, by courtesy of Messrs. Black.

Figure .3 is taken from Cooke's " ilolluscs," by courtesy of Messrs.

Macmillan.

SPECTRUM ANALYSIS.-II.

By J. J. Stewart, B.A.Cantab., B.Sc.Lond.

BESIDES the method of obtaining a spectrum of a

source of light described in a former article," that

is, by means of refraction through a prism, there

is another method of great iuiportanoe which in

some respects is preferable to that of the ordinary

one in which the prism is used, and this is the method of

the diifraction grating. This method is not only of great

use in spectrum analysis, but is also valuable as being the

most accurate process for measuring the wave-length of

light.

The phenomenon known as diffraction is an example of

the ability of light to bend round corners or sharp edges.

Light, as is well known, is propagated in straight lines,

and when it passes through an opening in a shutter and
falls on a screen a bright patch of light is seen on the

screen surrounded by a dark shadow ; the illuminated area

being bounded by a line or set of lines, which are obtained

by drawing straight lines from the boundary of the opening

to the boundary of the area lit up on the screen. The
sharply defined shadows cast by objects placed in direct

sunlight also indicate to everyone the fact of the rectilinear

propagation of light, and it is this rectilinear propagation

which formed the first great difliculty in the way of the

acceptance of the undulatory theory of light. This
difficulty has been completely got over, and the propa-

gation in straight lines has been explained by means of

the wave theory.

When we come to consider the phenomena of diffi-action,

we have before us a set of facts which cannot be accounted
for by the old emission hypothesis of Newton, but have
been shown to follow naturally from the undulatory tlieory

of light. What these diffraction phenomena are I wiil

now shortly state.

When light is allowed to pass through a small opening
—for example, a narrow slit with a lamp flame behind it

—

a bright area is seen on a screen in front of the slit corre-

sponding in shape to the form of the slit. This bright area

is surrounded liy the darkness of the shadow, .and, roughly
speaking, the illuminated area consists of all those portions

of the screen to which straight lines can be drawn from
the source of light through the slit. But if the slit be a

narrow one, and we observe the effect on the screen

.See KxowLEDGE, July, 1895.

closely, it is seen that the shadow is not sharply defined

;

darkness does not commence at once at the edge of the

bright area, but a system of fringes is produced, coloured

bands are seen, and a succession of brighter and darker

areas parallel to the length of the opening through which
the light comes. If the light we use is of one colom- only

—

if, for example, it passes through a piece of red glass before

it falls on the slit—a series of bright red bands alternating

with dark and completely black ones is noticed. The
distance apart of the bands depends partly on the width

of the slit and its distance from the screen, and they

become obliterated and fade into uniform darkness at a

short distance from the bright central area. If the

distance between the slit and the screen is not too great,

another set of fringes can be seen inside the bright area

which is the projection of the opening on the screen.

SimUar effects are obtained when light is obstructed by
an opaque obstacle of narrow width, or when it passes by

the sharply-defined straight edge of some obstacle. It was
in this form that the phenomenon seems to have been first

observed about the middle of the seventeenth century, by

Grimaldi, but the explanation was not known till con-

siderably later. He allowed light to pass into a darkened

room through a very small round opening, and on placing

a small opaque obstacle in the path of the cone of light thus

produced, he noticed that its shadow on a screen was much
larger than its geometrical projection. This showed that

the path of the light was not altogether a straight line,

but that it was bent out of its rectilinear course owing to

the presence of the obstacle. The shadows he observed to

be bordered by three raiubow-colom-ed bands, the direction

of which was parallel to the edge of the shadow, while

their intensity fell off' as they became more distant from

the edge. Newton also noticed these effects, and he let

light pass through the narrow opening between two knife

edges, getting an image on a screen which was bordered

by three bright bands which were violet nearest the shadow
and red farthest away from it.

These remarkable appearances are readily produced, and
can be seen by anyone who places a narrow slit cut in a

piece of cardboard near a candle flame, and then views it

at the distance of a few feet through another slit held

parallel to the first and close to the eye. The appearance

of the first slit as thus seen will be that of a bright band

of light surrounded on each side by a set of parallel bands

of alternate light and darkness, the brighter parts being of

various colours.

In order to produce a spectrum by means of diffraction a

" grating " is used. This consists of a number of parallel

lines ruled on a glass plate, at equal distances apart, by

means of a diamond point. Light falling on such a plate

is reflected at the lines, but passes freely through the

spaces between. The diffraction grating has thus the same

effect as a system of fine opaque threads alternating with

clear spaces. We may also consider it as an arrangement

of numerous slits very close together. Gratings thus con-

structed often contain from twenty thousand to forty

thousand lines to the inch, and the rulings can only be

seen when the grating is looked at through a powerful

microscope. Diffraction spectra can also bo produced by

placing a piece of fine wire gauze in the course of the

light, the opaque wires taking the place of the rulings

;

but with a coarse arrangement like this the spectra are

not nearly so good, the dispersion and the purity being

less. The production of a good grating is a matter of

great difficulty. The diamond point is apt to break, and

it is not easy to make the rulings at equal distances

throughout the whole grating ; errors thi-ough variation

in the spacing would cause irregularities in the spectra
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and inaccuracies in the measurements of wave-length, etc.

Even with an ordinary wire grating, however, not at all

a perfect instrument, Fraunhofer in his early operations

on the solar spectrum obtained wonderfully accurate

measurements.
In order to explain how a spectrum can be formed by

means of a diffraction grating, let us first consider the

phenomenon known as the interference of light, on which
the effect largely depends. If a light substance, such as

a piece of cork, was floating in water while a series of

waves was passing along, the cork would be observed to

move up and down nearly in a vertical line. The motion
of the water particles is like that of the cork, they move
up and down in straight lines. Now if instead of one set

of waves we had two, matters might be so arranged that

the crests of one set of waves fell on the hollows of the

other set ; when this took place we should have what is

called interference of the waves. The water surface,

when this interference took place, would not be disturbed

if the two wave-systems were of equal magnitude ; no
waves would be seen ; and the cork would be at rest on
the surface. One wave-system would urge it upwards and
the other downwards, and these forces on it would just

balance each other when the two wave-systems were
present. Interference also occurs when the crests of one
pystem of waves fall on the crests of another ; the

amplitude of the wave disturbance is increased, that is,

the distance from the bottom of the trough to the top of

the crest is made greater.

In the case of the grating, the diffraction and interference

of light produce effects which resemble those of refraction

in the case of the prism. To explain how this occurs let

us refer to the diagram, in which A B C D represent four

openings in a grating, or four clear spaces between the

rulings. Let us suppose the front of the advancing light-

wave is parallel to the grating, and that the diagram
represents a section through the grating at right angles to

the plane of the grating ; then we may consider ABC
and D to be four points at equal distances apart, emitting

light of the same wave-length, the vibrations being such
that a crest starts from each of the points A B C D at the

same time. Consider the light which travels from
A B C D in the direction D L, and let a lens L be

interposed in its path. Draw lines D M, C N, B P, at

right angles to the direction D L of the light. These lines

will cut off lengths K C, R Q, Q B, M N, N P, P A from
the lines D L, etc., representing the rays, and these lengths

are from the geometry of the figure all equal. If the

lengths A P, P N, etc., be taken to be the magnification of

a wave-length of light, when a crest of a wave is at A
crests will also be at P, N, and M, and midway between
these points will be the troughs of the waves. Similarly,

at the same moment, crests will occupy the positions Q,
R, and K. The vibrations, then, are in the same phase
along the line ]> K R M, crests at the same instant being

at D, K, etc. The interposition of the lens L causes the

rays to come to a point at F, the focus of the lens, and the

time taken by the light to travel from D, K, E, and M to

F is the Eame ; therefore, the waves being in the same
phase along the line D M, they will be in the same phase
at F—that is, the crests will all coincide at F, and that

point will be brightly lit up. Light of a different wave-
length will be brought to a focus different from F, but near
to it, and the effect will be that of a number of points or

lines, each consisting of illumination of a different wave-
length and different colour placed close together—that is,

a spectrum is formed. Taking a similar figure in which
the distances C K, Q R, etc., represent half wave-lengths,
when a crest is at A a trough of a wave will be at P,

another crest at N, and so on ; and when a crest is situated

at D a trough wiU be passing over K, a crest over R, and
another trough over M. Thus at F crests and hollows
will be brought together in equal number, and the result

will be absence of illumination at that point—F will be
dark. The position of F for light of a certain wave-length
will depend on the magnitude of that wave-length ; for

light of a slightly differing wave-length, F will be situated

at another point, but close to the first. Thus, considering

A, B, C and D a section through a grating, the effect on
a screen passing thi-ough F, or the appearance to an eye
looking through a telescope of which L is the object-glass,

will be that of a band of light, each line in which is

produced by light of different wave-length, and therefore

of differing colour, these lines being distinct and not
overlapping. This result is expressed by saying that a

pure spectrum is produced. A pure spectrum is one in

which overlapping of light of different wave-length and
colour does not take place.

A great advantage which a spectrum formed by a grating

has over that given by a prism proceeds from the fact that

the dispersion depends only on the wave-length and the

closeness of the rulings. Thus any one diffraction spec-

trum is an exact copy of any other on a larger or smaller

scale. The ratio of the widths occupied in the spectrum
by any two colours is the same in all diffraction spectra.

This does not hold in the case of the spectra formed by
prisms. The relative dispersion in spreading out of the

colours differs with different prisms according to the kinds

of glass of which they are made. Thus prism spectra can-

not be compared together, but observations with a grating

can be compared with others wherever taken and with

whatever instrument. On this account the diffraction

spectrum is chosen as the standard.

(Tn he contifiued.J

&titmt NotC9.

The following interesting results of experiments relating

to the growth of trees at different times of the day have
been sent to us by Mr. E. H. Thompson, the Government
entomologist of Tasmania. Measurements were taken as far

as possible every three hours, with the following results:

—

From 6 a.m. to 9 a m 8| per cent, of gi-owtli

,, 9 a.m. to noon ... Ij ,, ,,

,, iioou to 3 p m. ,

,

No growth

,, 3 p.m. to p.m. ... ,,

., (5 p.m. to 9 p.m. . ... li per cent, of growth

,, 9 p.m. to lii p.m. ... ... 3J ,, ,,

12 p.m. to 6 a.m. ... ... 8.3 ,, .,

The greatest growths in twenty-four hours were banksia

rose, six and a half inches; geranium, five and three-quarter

inches ; wattle, four and one-third inches ; apple, two and
a quarter inches

;
pear, one and a third inches.

Writing from Lippentott, Manitoba, Mr. Arthur Parry
says that the sun pillar, described by Mr. Barber in the

•Tune number of KNowLEDfiE, has been more than once

visible there during the past winter, while on Jan. 10th

and 30th a similar shaft was visible proceeding from
the moon. With regard to two other phenomena which
Mr. Parry would like explained, he writes, on Jan. 12th,

a " circle round the moon, with curious shaft of light

obliquely across it, visible at 11 p.m. for a short time "
;

and on March 9th, " bright moondogs and circle above.

The peculiarity of which lies in the fact that the circle

which should have connected the moondogs was not visible,

while the circle which had no visible connection with

them was bright and complete."
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Dr. Janssen has recently made an ascent to the

observatory on Mont Blanc, his object being to satisfy

himself concerning the safety of the new telescope which

has been conveyed to the observatory, and to inspect the

meteorograph which had ceased to be in working order.

He took the opportunity of observing the aqueous bands

in the solar spectrum. The air above him being very raie

and also extremely dry, he found that the bands at C and

D were absolutely invisible. Dr. Janssen already considers

it certain that there is neither oxygen nor aqueous vapour

in the solar envelopes.
*-^-^

Two useful catalogues of scientific magic lantern slides

have been sent to us. The one from Messrs. Newton and

Co. contains among other things long series of slides on

astronomy, human physiology, hop culture, volcanoes, and

a new and useful series on British birds taken from

Mr. Lodge's drawings in Mr. Hudson's new book on the

subject. The other list, from Messrs. York and Son,

contains a number of good series on natural philosophy,

astronomy, mines, geography, and other subjects.

A Frenchman, Mons. Dubois, has made an interesting

suggestion as to the origin of colour-blindness. This

defect of vision almost invariably consists in inability to

recognize red. Now a body cooling down from incan-

descence extends its spectrum towards the red end, or in

other words the white hot or violet-coloured body becomes

yellow and finally a dull red as it cools. A few stars such

as Sirius are white hot, many others like our sun are cooler

and therefore yellow, whilst others are so cooled down as

to shine with a dull red light. Primitive man, according to

Mons. Dubois, lived when the sun was in either the Sirius

or the pre-Sirius stage, that is, when the sun, which is the

source of all colour, was white hot, and had no red

component in its spectrum ; he had, therefore, no power of

recognizing red. Colour-blindness, therefore, says Mons.
Dubois, is merely atavism or degeneration to the primitive

type. The objection to this ingenious theory is that we
have no reason whatever for supposing that primitive

man was contemporary with a white hot sun ; further,

all white hot suns that we know of have some red at

any rate in their spectrum. The intensity of particular

components of the spectrum may vary, but the components
are still there.

The fact that the coming total solar eclipse is visible so

near to us as Norway will doubtless induce a number of

people to journey there in August, IHOO. The Orient

Steam Navigation Company have already organized an

expedition to Yadsi). One of their steamers is to leave

London on July 21st, arriving at Vadau on August 8rd,

and leaving there on the luth is to be back again in

London on August 17th. Intending observers will do well

to take advantage of this comparatively inexpensive way
of travelling to and from the point of observation.

1«
From observations at various high altitudes made last

year, and recently published, it has been found that the

quantity of solar radiation transmitted through the

atmosphere depends chiefly upon the tension of the

aqueous vapour, quite apart from the hygrometric state.

On fine days, with the same vapour-tension, the amount of

solar radiation transmitted is the same, but the amoimt
decreases rapidly as this tension rises and the amount of

vapour increases. With a perfectly clear sky the radiation

transmitted is greater when the sky is dark blue than when
it is light blue ; thus it is important when comparing

various observations on the heat from the sun, to determine

the colour of the sky by some accurate instrument.

We give our readers an excellent photograph of ribbon

lightning, taken by Mr. W. J. Bishop at Bath, on
August 22nd,

at 1.35 a.m.

The irregular

jagged course

through the

air of so-

called ribbon

lightning is

particularly
well-marked,

one side of

the ribbon

being much
brighter than

the other,
with a series

of brilliant

lines rimning
parallel to

the bright edge, giving the flash the appearance of varying

greatly in vividness. This is much more apparent in the

orig'inal photograph, the engraving having suft'ered some-

what in detail by reproduction.

VARIABLE RED STARS.

By Dr. A. Bkester, Jun.

THE atmospheres surrounding the glowing interior

of red stars contain, according to their spectra,

chemical compounds, and are, therefore, relatively

cool. If in these atmospheres some vapours are

cooled to their dew point, the stars, never ceasing

in their loss of heat by radiation, will cause those vapours

to condense in obscuring clouds, which will shut off the

light of the glowing interior and prepare a minimum
without the least change of temperature.

These cool atmospheres, however, do not only contain

saturated vapours but also molecules (A and B) of

dissociated matter, cooled to a point, where their

recombination becomes possible. That recombination is

nevertheless impossible so long as the molecules A and

B are separated by too great a immber of other molecules

(E) with which they are mixed. For the same reason the

molecules O, and Hj of dissociated water do not recombine

when, as Deville has shown, they are mixed with a sutticient

quantity of carbonic acid.'' Now, as among these admixed

molecules R are also those of the saturated vapours indicated

here above, it is plain that their condensation into clouds

will rapidly diminish their number and cause the remain-

ing molecules E to become finally too few in number to

hinder the union of A and B any longer.

Then at once, and as far as possible, these molecules

will unite, and the heat then produced will vaporize the

clouds of the minimum and restore the maximum by

opening again to view the constantly glowing interior of

the star.

This rise to maximum, just like the fall to minimum,
happens without any change of temperature, for the heat

producing it, no matter how great it maybe, will be totally

* Debrav : Diet, de Chimie, par A. Wurtz, Art. I)i3soeiation, p.

117-1. In'manT other cases a similar influence of admixed molecules

E has been observed as, e..<7.,in a mixture of H„ and 0„ when exposed

to light. The addition of molecules R then strongly diminislies the

rapidity of the combination. [Bunsen u. Eoscoe :
Pogg. Ann. C, p.

13.] The current views as to electrolytical dissociation point also to

a similar influence of the water-molecules, preventing, when sufliciently

numerous, the separated ions from combining.
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absorbed by the vaporization of the obscuring clouds, and,

this work ended, the temperature can never be higher than

before, since an increase of temperature would cause au

increase of dissociation of the molecules A B, while the

only source of heat is an increase of their association.

The restoration of the maximum being explained in this way,

the star's atmosphere is now filled again with the molecules

of the vaporized clouds, and the remaining molecules

A and B are, as before, prevented from combining. But

under the never-ceasing influence of the star's loss of heat

by radiation the saturated vapours will condense again in

obscuring clouds. The thicker these clouds become, the

nearer draws the moment of a new partial combination of

A and B, causing a new maximum by a new evaporation

of the minimum clouds, and so on.

The more or less simultaneous evaporation of clouds in

an entire spherical layer of the star, which my theory

demands, would be impossible if the star's atmosphere

bore any resemblance to our terrestrial atmosphere, with

its irregularly distributed temperature. But since the

disturbances of our atmosphere, entirely due to an external

cause, viz., our sun (that is, to a cause which is not at

work on the stars), there is no reason why all the points

of any one spherical layer should not have the same tem-

perature, that temperature being only dependent on the

distance from the star's centre. The only cause which

would render it otherwise, would be some inequality in

cooling and some motion so produced. But, as the star's

atmospheres are necessarily rich in dissociated and

vaporized matter ready to condense and thus to produce

new heat, in proportion as the existing heat is lost by

radiation, a sudden fall of temperature is impossible in

it. Just as steam in losing heat cannot cool below

100^, as long as the whole mass has not been con-

verted into water, so no incandescent vapour can fall in

temperature as long as some of the molecules condensable

at this temperature remain unoondensed. Thus, if the

gaseous and vaporous mixture, which form the star's

atmosphere, has not yet reached this condition, it will

preserve its temperature and tranquillity, and we see then

no reason why all the points of the same spherical layer

should not have the same temperature.

The current ideas of the enormous scale upon which

disturbances take place in the solar atmosphere are almost

wholly based upon the simplest interpretation of the

displacement of lines in prominences, but this interpretation

is not necessarily the only possible one. Secchi (Le Soleil

II., pp. 112, 124) and Young (The Sun, pp. 165, 161, 211)

have often stated that if the displacements did not exist,

they would ba prepared to consider the prominences as

formed where we see them, something like the deposition

of dew, or the propagation of a flame along a train of

gunpowder. M. Fenyi, when discussing my explanation

of the prominences as merely evanescent illuminations

caused by the propagation of chemical actions in com-

paratively tranquil matter (A. and A. 1891, p. 127), urges

the same objections, but adds, nevertheless :
" We must

confess that not only do the enormous velocities observed

in these prominences find a welcome explanation in

Brester's theory, but that the details of the development

and the banded structure are brought into better accord.''

If it be admitted that in prominences the displacements of

their lines do not prove their motions to be real, not

only the prominences themselves, but ako almost all other

solar phenomena, as, for example, the undisturbed strati-

fication of the solar atmosphere, become much more clear.

I tried to show this in my theory of the sun.

Eecent publications give, I think, the impression that

there is a growing suspicion that spectral lines are liable

to be displaced by other causes besides those of motion in

the line of sight. There is, for instance, the opinion of the

late President of the Eoyal Astronomical Society, Captain

W. de W. Abney, who, speaking at a recent meeting of

that society, about velocities of one hundred thousand miles

a minute in the solar atmosphere, concludes as follows :

" Whatever may be the cause of this, I think that we
need not come to the definite conclusion that it is absolutely

I
matter which is moving at this surprising velocity, but

that the appearance may proceed from other causes. We
, have learned our lesson from test books where we are told

that such and such is the case regarding the prominences

I and the sun's surface. It remains to be shown whether

the text books are right or whether new text books must

be written for the rising generation." (Obsen-atori/,

I

January, 1895.) (See also W. H. Monck, Publications

of the Astronomical Society of the Pacific, VII., p. 38.)

My theory so far described, shows that a red variable

can be compared to a clock. Chemical combination of

dissociated matter, A and B, when cooling, being the

clock-spring when running down, and the intermittent

evaporation of dark condensed admixed matter E being

the escapement which slackens the running down and

regulates it.

It is plain, however, that such a mechanism cannot work
with the regularity of a chronometer. Now, we know
that red variables never show exact regularity, and that on

the contrary their changes in brightness are often very

conspicuous. If for the most part they show a much more
rapid rise to maximum than fall to minimum (as, for

instance, i) Aquilae, E. Cass., T. Yulpec, E. Gemin., Mira

Ceti, Mira Cygni, X. Sagitt., etc.), if for the most part

their maxima have but a short duration, these common
features correspond most exactly with my explanation ; but

my theory foresees also a quite different behaviour. Slight

differences, for instance, in the chemical composition, and

misty condensation of difl'erent parts of the same cloudy

layer, will (also by producing some inequality in the emis-

sive and reflective powers of neighbouring places) cause the

cloudy layer not to be dispersed at once, but gradually in

process of time. In the latter case the maximum will be

neither so bright nor manifest, nor so punctual as in the

former. It will be a maximum with fluctuations. The
greatest irregularities can be expected, and even a complete

loss of periodicity, when the stock of molecules A and B
being finally exhausted, other molecules C and D, etc.,

with difi'erent or too little affinity, fill their places. If such

great irregularities are not in discordance with my theory,

they seem hard to be reconciled to explanations which, like

the meteoritic theory of Mr. Lockyer, require a true orbital

revolution, usually a very accurate time-keeper.

My explanation is also, I think, in agreement with the

spectroscopic observations. In the general obscuration of

the minimum spectrum we see the effect of the obscuring

clouds, and in the bright lines often observed, especially

in the maximum spectrum, the luminous effect of the

chemical combination producing a chemical luminescence,

there, as well as in our laboratories, where, for instance, at

a temperature of less than 150° sulphide of carbon pro-

duces a bluish flame with discontinuous spectrum*

« E. Wiedemann : Pogg. Ann, (N. F.) 37, pp. 177—2i8. E. v.

Hclmlioltz : Die Licht nnd Warme strahlung verbrennender Gase,

Berlin, 1890. E. Pringsheim : Wiod. Ann. 45, p. 428; 49, p. 347.

Paschen : Wied. Ann. 50, pp. 409—443. G-. Wiedemann : Die Lehre
von der Elektricitat und deni Magnetismns, IV., p. 526. W.
Siemens : Wied. Ann. IS, p. 311. Ebert : Vierteljahrsohrift d'Astr.

Gesellschaft, 1892, p. 3t. A. Smithells ; Phil. Mag., Jan. 95,

Astrophysical .Journal, I., p.' 266. E. Wiedemann u. G. C. Selimidt :

Wied. Ann., 1895, No 4, p. 604. Ebert : Astrophvs. Journal, .Tune,

1895, p. 55.
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Thus the bright lines at the maximum are not the effect

of heat, but rather of cooling, and so we comprehend
how it is possible for bright lines to be mostly observed in

the atmospheres of those stars which, according to the

evidence of their spectra, are to be accounted the coolest.

Now we comprehend also why both the redness of a star

and its bright lines must lead to the suspicion of its vari-

ability, and we are not at all surprised that numerous
variables have been recently discovered by testing that

probability." It is clear, moreover, why neither red

stars nor stars with bright Imes are co ipm variable. Only
these stars will be variable where some vapours in the

external atmosphere are cooled to their dew-point, and sd

are made ready to condense, with the smallest radiation

of heat, in obscuring clouds. Stars which are not variable

(1-20 Sehj, and D.M. + 47", No. 2291) may have exactly

the same spectrum as variables (X Cygni and E Leoais)

;

for it is impossible to admit that identity of spectrum
proves exact identity both of chemical composition and of

temperature. Even a faU of temperature of 1" would be

sufficient, by reaching the dew point of some principal

atmospheric vapour, to make a star, hitherto invariable,

henceforth variable.

Bright lines point, even in stars of the classes I and II,

to great chemical activity in the cooling atmospheres of

these stars, so they do also in our sun, which is also more
or less a bright line star ; t but in the sun, according to

my theory,* the condensed clouds are not yet obscuring
clouds, but still photospheric. Their partial evaporation

cannot therefore cause an increase of brightness, but
produces, on the contrary, dark spots, whose more or less

regular periodicity can be explained therefore in the same
way as the greater variability of the already more cooled
and chemically more active red stars.

NEBULA M. 78 AND iji IV. 36 ORIONIS.
By Isaac Eobeets, D.Sc, F.E.S.

E.A. oh. 41m., Decl. N. 0° 1'.

THE photograph covers the region between E.A.
5h. 39m. 2l3. and E.A. 5h. 44m. 193. ; Decl.,

between 0" 59' North, and 0' 37' South.
Scale, 1 millimetre to twenty-four seconds of arc.

Co-ordinates for the epoch a.d. 1900 of the

Fiducial stars marked with dots.

Star (•)• D-M., No. 1073. Zone - 0°. E.A.,

5h. 39m. 41-93. Decl., S. 0= 5'9'. Mag., 91.
Star (••)• D-M., No. 1178. Zone + 0'. E.A.,

5h. 41m. 45-4s. Decl., N. 0° .5.5-8'. Mag., 88.
Star (vj. D.M., No. 1084. Zone -f 0^ E.A.,

5h. 42m. 21-63. Decl., S. 0" 31-0'. Mag., 9-5.

Star {::). D.M., No. 1184. Zone -f 0^ E.A.,

5h. 43m. 37-8s. Decl., N. 0' 42-2'. Mag.. 7-5.

The photograph was taken with the 20-inch reflector on
•lanuary 28th, 1894, between sidereal time 3h. 3m. and
6h. om., with an exposm-e of the plate during three hours.

Eeferences.

The nebuliE are N. G. C. Nos. 2068 and 2071, G. C.

Nos. 1267 and 1270, h 368. Sir J. Herschel (G. C.)

* E C. Pickering : Astrophys. Journal, I., p. 27, " Discovery of
Variable Stars from their Ptiotographic Spectra." M. Flemini; :

Astrophysic. Journal, I., p. 411, "Eleven Xew Variable Stars."

Backhouse : Observatory, Febr., 95.

t G. E. Uale : A. and A., 1894. p. 58 (Xote on the Spectroscopy
at Stonyhurst College Observatory). Miss A. M. Clerke':

KyowLEDOE, Aug., 93, " The Sun as a Bright-line Star."

X Theorie du Soleil. Verh. d. Koniukl. Akad. v. "Wet. le

Amsterdam Decl., I., Xo. 3, pp., 1—168. A. and A., 1893, p. 914
;

1894, pp. 218—237, pp. 849—856.

describes M. 78 as bright, large, wispish, very gradually
much brighter in the middle, three stars involved, barely
resolvable. In the Pliil. Trans., 1833, PI. XII., Fig. 36,
a drawing of it is given which, in outline, resembles the
central part of the nebulosity. The nebula y IV. 36
(N. G. C. No. 2071) he describes as a star with very faint

large chi'i-i'Iurc.

Lord Eosse (Ohs. of AV/-. awl CI. of Stars, p. .51) gives

the result of nine observations made between the years
1850 and 1877, and states that a " spiral arrangement is

sufficiently seen to confirm former observations." A
marginal sketch is given, and a drawing on PI. I., Fig. 5 ;

but they are not like the photograph, and they fail to

indicate the form of the nebula as it is there shown.
The photograph shows the central part of the nebula as

a dense cloud, with a well-deSned margin on the north

prececUwi side, and the three stars referred to by Herschel
and Eosse are shown involved in the nebulosity. The star

on the northern edge has a faint companion, and faint

star-like condensations are also seen involved in the
nebulosity. There are floceulent clouds of nebulosity
surrounding the dense central part, with wide dark spaces
between them, which the descriptive matter and the
drawings by Sir J. Herschel and Lord Eosse do not indicate.

The nebula Ijl IV. 36 (G. C. 1270) has a stellar nucleus,
with a small companion star close to it on the south side,

and this double nucleus is surrounded by cloud-like streaky
nebulosity.

The distance between the centres of the nebulse is about
fifteen minutes of arc, and there are indications that the
iwo nebulfe are connected together with very faint

nebulosity ; but there is no spiral form (as suggested by
Lord Eosse) visible in either of them.
The sky within a radius of about half a degree of these

nebulns is remarkably void of stars, but beyond this dis-

tance, both precediwi and foUoifiii;/, the stars are crowded
on the plate.

WHAT IS A NEBULA?
By E. Walter M.\under, F.E.A.S.

THIS question was asked by the late Editor of
Knowledge, some three years ago, and was
suilered by him to go without any definite answer.
The time that has since elapsed has brought us
some details of further information, but still

leaves us without any full clue to the solution of the
problem. Indeed, if anything, our difficulties are in-

creased, for new and widely extended nebulfe have been
discovered where none were previously known, and old

nebulae prove to have a greater extension than had been
hitherto suspected.

The difficulty attaching to our understanding the nature
of a widely-extended nebula, is very obvious. Such an
object as the great nebula in Orion, or the new nebula
near .\ntares, recently discovered by Mr. E. E. Barnard,
or the faint wisps that the same observer has found
sweeping round the Pleiades, or the still vaster nebulosities

in the Cepheus and Cygnus region of the Milky Way, must
either be exceedingly close to us, or must have real

dimensions of a vastness that baffles the imagination. The
first alternative may at once be set aside. Except in a

very few cases, we know that the stars are not nearer to

us than is implied by a parallax of one-tenth of a second
of arc, or a distance more than two million times greater

than that which separates the earth from the sun. And
the distances of the nebulse are of the same order as

those of the stars. We know this, not only from the
numerous examples of evident connection between nebulse
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and stars, but also from that striking relationship discovered

by Sir William Herschel in his searches for nebulse ; for,

as has been so often quoted, after sweeping through a barren

region, he would tell his assistant—" Prepare to write, for

neiiulffi are coming,"as he found himself already on nebulous
ground. The two examples of nebulfe which Dr. Eoberts
furnishes in the present number of Knowledge, stand in just

such a typical position, near the debateable line between
a region rich in stars, and one comparatively barren

of them. Such a relation, repeated over and over again

in diiJerent parts of the heaven, furnishes the most
irrefragable proof, both that nebulse are situated at the

same general distances from us as stars, and that the

condensations of stars are not apparent only, but real.

We may be sure, then, that two million times the

distance of the sun is the least distance which we can
ascribe to them on the average, and that many must be

much farther still
; yet even at this minimum remoteness,

a nebula, whose vaporous arms stretch over S° of sky,

must span within its touch an extent of space greater

than that which separates us from a Centauri.

This one fact is sufficient to show how utterly different

is the state of things prevailing in the region of the nebula3

from that which prevails in the vicinity of our own solar

system. So far as we know, the hu-uhi of the Centaur is

our nearest neighbour in the heavens, and we know of

nothing existing in the mighty void which intervenes

between us. A few comets of medium period form, as it

were, a feeble fringe to the solar system, of which, other-

wise, the orbit of Neptune would mark the boundary.

Possibly some of our comets and meteors come to us from

the further side of the gulf ; but on the whole, the solar

system remains a solitary island system, separated from
any kindred structure by nine thousand times its own
semi-diameter.

" There sinks the nehulous star we call the sun,

If that hypothesis of theirs be sound."

And that the Princess's epithet of "nebulous" justly

belongs to the sun, when its origin and past history is

considered, is generally conceded. But no contrast could

be more striking than that between the intense concen-

tration, the almost absolute simplicity, which we see in

the solar system, so completely and so widely removed as

it is from all neighbouring systems, and the vast far-

reaching diffusion of matter seen in such nebulse as those

of the Ssorpion of Orion or the Pleiades.

An amusing jeu d'csptit published a few years ago claimed

to have discovered the mathematics of politics, and to find

the geometrical expression of the various forms of govern-

ment in the conic sections. Pieversiug this analogy, we
may look upon the solar system as a despotism of the

strictest kind, a pure autocracy, with the entire power
vested in one supreme unchallenged head. The sun

exceeds in mass the sum of all his planets and dependents

seven hundred and forty-five times. Were they all anni-

hilated the solar system would have suffered loss by but

one and one-third parts out of a thousand.

But just as the despotic form of government is not by
any means the only one to be found in exercise on the

earth, so it is abundantly evident that our solar system is

by no means the one universal model on which all systems

are constructed. The discovery of such multitudes of

double stars, the yet more remarkable cases of the Algol

stars, and of the " spectroscopic doubles," show that

systems in which the supreme control is divided between

two or more bodies are very common.
Nor can we doubt that systems exist which are organized

upon what, following the same analogy, we may describe

as a thoroughly democratic basis ; systems in which there

is no one central sun, nor even two or three great bodies,

but in which the general mass is distributed not very

unevenly between a great number of comparatively small

bodies, none of which are large enough to dominate the

rest.

Such a system on a vast scale may perhaps be exhibited

to us by the superb object which Dr. Eoberts has photo-
graphed for the October number of Knowledge. The
approach to circularity in its outline, and the rapid

increase in the condensation of the cluster as the centre

is approached, point to its being really, and not merely
apparently a globular cluster, and we may take it that its

depth in the line of sight does not greatly differ from its

length at right angles to it. Its more condensed central

and spherical portion has a diameter of about five minutes,

which its outlying stars increase to fully twelve minutes of

arc. This, with a parallax of one-tenth of a second, would
give a diameter to the cluster of two-thirds of a billion miles.

This is a little more than one-fortieth of the distance

between the Sun and a Centauri. But whereas we have no
companion Sun in all that distance, here we find thousands

of stars massed together within one cluster. The several

stars which make up this cluster must, therefore, be on
the average, let us say, about one thousand times closer

to each other than are the Sun and a Centauri.

It is, then, in a very different condition as regards the

nearness of its component members than we have any
experience of in our region of space. And the stars which
compose it are of an inferior rank to our sun, if the

parallax of one-tenth of a second be adopted. At such a

distance our sun would shine like a star of 4j magnitude,
if Mr. Gore's estimate of its actual magnitude as — 27 be

correct, and four suns as large as our own would give as

much light as the entire cluster. Either, then, the in-

dividual stars of the cluster are mitch inferior in intrinsic

brightness to our sun, or they must, on the average, be

smaller bodies than our earth. A system of about the same
total mass as our own, but with the place of the sun taken

by thousands of bodies of the size of Jupiter and of our

earth scattered over a region two hundred and fifty times

the orbit of Neptune in diameter would not represent

badly the great cluster in Hercules.

The distance we have assumed is, of course, a minimum.
The cluster may be, and probably is, much farther from
us, and its components, therefore, larger than we have
supposed in the same proportion. But the cluster would
remain a cluster still—an association of stars, not greatly

dissimilar in size, and, relatively to their size, in pretty

close contiguity to each other ; and though, in this

particular case, we may assign almost any distance we like

to the cluster, yet, as Mr. Eanyard has shown in more
than one place, we cannot do the same for the Pleiades

and for parts of the Milliy Way. In these regions we are

obliged to conclude that the faintest stars we see are either

of very low intrinsic brightness, or else are of the same
order as the Earth or Jupiter in the matter of size.

(To be continued.)

Hcttcrs.

[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]

Dr. EOBERTS' PHOTOGRAPHS.

To the Editor of Knowledge.

SiK,—Eeferring to Dr. Eoberts' photographs of 13 M.,

and the means he suggests for comparing those taken

at intervals of eight years for the purpose of detecting



PHOTOGRAPH OF THE NEBUL/E MESSIER 78 AND HERSCHEL IV. 36 ORIONIS.

By ISAAC ROBERTS, D.Sc, F.R.S.





November 1, 1895.] KNOWLEDGE. 255

possible changes, it appears to me that there is another

means Dr. Eoberts has omitted to notice, which would be

easily applied to the whole cluster at a glance. If the two

pictures are mounted as a stereoscopic slide and viewed in

the stereoscope, any stars which have moved sufficiently

will stand out from the picture plane or appear to recede

behind it, and a very small motion will be thus easily

detected. I do not know if any valid objection exists to

this proposal, but, if not, it appears to me the most simple,

certain, and readily applied of any.

But there are several preliminary considerations which
occur to me upon which Dr. Eoberts could enlighten us.

Is it certain that two negative films exposed at intervals of

years apart will undergo the same deformations during

development and after operations '? Is the coUotype

process also reliable to such an extent as to eliminate all

danger of accidental displacements '? Is the ordinary

photographic print reliable in the same way '? Is the

enlarging process quite certain not to produce any change
of relative place. And—not least—the stars are not round
on these photographs, and there seems a probability that

the deformations may not be in the same direction on

different negatives. An illusory displacement would result

from this. Besides, the enormous photographic discs tend

to mask all changes.

I doubt if any change amounting to one second in eight

years is at all likely, but that change is going on is certain,

and that Dr. Eoberts' photographs will at some future time

lead to its detection there can be no doubt.

Edwi.v Holmes.

THK DARK HEMISPHERE OF VEXUS.

To the Editor of Knowledge.

Sir,—During my observations of the planet Venus this

summer, I noticed almost invariably, towards the inferior

conjunction of the planet with the suu, that its unillumi-

nated hemisphere was distinctly visible, and that it was,

moreover, darker than the bluish background of the sky

itself.

Now, in trying to find a plausible explanation of this

remarkable phenomenon, the idea came to me that the

appearance might be due to the fact that in such positions

the planet is invariably seen projected on the brightest

portion of the solar atmosphere, or rather luminous matter

surrounding the sun, which, as the zodiacal light teaches

us, extends to a very great distance from that luminary.

It is evident that in such a case the dark side of Venus
ought to present the appearance actually observed—that of

a dusky (violetish) globe, projected on a sHghtly more
luminous background. For even in the case of the solar

atmosphere, or luminous envelope, extending farther than

the earth's orbit (as the gegenschein would tend to show),

the appearances would not be sensibly altered, as the

planet would then be seen through the more rarefied

portion of the great solar envelope, whilst it would have
behind it, or the part on which it would be projected, the

brightest and most condensed portion of the same envelope.

The darkness of the unilluminated hemisphere of Venus
could hardly be satisfactorily explained otherwise. It could

not, of course, be due to phosphorescence, because phos-

phorescence means light, and light, however feeble, cannot
be darker than space itself. E. M. Axtoxlu)!.

Constantinople. —I * I

HAIR3 oy BEES' MANDIBLES.

To the Editor of Knowledge,

Sir,—My attention has just been drawn to a letter on
page 235, by Mr. W. Wesche, headed " Hooked Process on

Bees' Mandibles.' There is a row of hairs on the inner
surface of a worker's jaw, situated along the side of a

ridge or keel, and he will find them mentioned and illus-

trated in Cowan's ' The Honey Bee, its Natural History,

Anatomy, and Physiology," which is the standard text

book used in the examinitions for certificates granted by
the British Bee-keepers' Association. This is a much
more recent work than Cheshire's " Bees and Bee-keeping."
Also Schiemenz, in his " Ueber das herkommen des Fatter-

saftea," mentions and also gives a very accurate illustration

of them.
The function of these delicate hairs is to assist in

mastication, and they come into operation when the saliva,

produced by the gland, known as System IV., in connection
with the mandible, is poured out while chewing pollen and
kneading wax. They entirely differ in shape from the

wing-hooks, and are not twisted like these. They are not
used for clustering as suggested. In clustering, bees hang
on by their claws, those of the hinder legs of the bee above
being hooked into the claws of the forelegs of the one
below. The hooks on the smaller wing do not give the
name to the Hymenoptera. This name is derived from
i(x);r, a membrane, and T^zspov, a wing, meaning mem-
branous winged. Thos. Wji. Cowan.
31, Belsize Park Gardens,

Hampstead, N.W.

THE PUZZLE OF '26.'

To the Editor of Knowledge.

Sir,—I have just received from Mr. T. Ordish, 99, Fore
Street, one of his " puzzle of 26," and as it is quite equal

to any magic square in the curiousness and harmony of

its results, I send you some details which will interest

your readers. The discovery is quite new, I believe. It

consists of two equiliteral triangles intersecting each other

(Xatural arrangement of Figures.)

PsoBLEM.—Place the numbers 1— 12 along the sides of tno
equilateral triangles interlaced so that thev shall add up 26 on eaeU
of the six sides, and so that the six numbers round the centre and
adjacent thereto shall also make 26.

(as shown above in the "Natural Hexagon ' where the

numbers 1—12 are arranged in their natural sequence).

When arranged thus it forms what might be called the

Hexagon, or " Star " of 13. All its diameters, diagonals, 3

great and 3 lesser, sum that number, and the inner and
outer circles sum three times 13, or 39. But this is my
own idea. Mr. Ordish's puzzle of 26 differs in this, that the

numbers 1—12 are arranged so as to sum 26 in :30

different ways, viz., 1 hexagon, 2 triangles, 6 sides, 6 acute

angles, 6 obtuse angles, 3 rhombs, i rhomboids, and there

may be other ways. The outer circle or hexagon sums
52, or double the inner. Perhaps your readers will give

the result of their investigations in your next issue, for I

believe there are at least six ways of setting the numbers so
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as to produce the same results each time. I am aware of

only one of these. Would some of your readers also state

the principle on which they are so arranged?

Brighton. I- G. Ouseley.

TASMAXIAX IXSEC'I PESK.

To the Editor of Knowledge.

Sib,—In the copy of Knowledge of February 1st, Lsfij,

which has just reached my hands, I notice a series of

mis-statements which it may be well to correct. I refer

to the notice on page 40, beginning with the words :

—

"The last Australian mails, etc., etc." I am quite at a

loss to account for the information reaching you in the

form it has, but it is certainly well to place the matter
correctly before your readers. It is true that I, as

Government Entomologist, did report on the devastations

of the various grass-devouring insects, but Mr. Bos, who
is in no way associated with the Government service,

controverted my statements, and some of his remarks, no
doubt, found their way into the press. In all the Colonies

we suffer a tremendous yearly loss from these grass-pests,

and I accordingly have been endeavouring to work out

their history and discover some possible remedy. The two
underground pests from which we suffer the worst are a

variety of cutworm, and the larva of a chafer {Ladi-

nostenui .') The former emerge from the eggs deposited

by the moths about the end of January (answering to

July in the N. hemisphere), and commence their work of

destruction by feeding on the tender blades and shoots of

glasses, which they frequently drag into the holes made
by them, and which vary from sis to eight or nine inches

in depth, and devour them at their leisure. At the

approach of winter they remain in a more or less dormant
state, and do not resume their destructive work till the

approach of spring. They then gradually mature, change
into the chrysalis stage, and alter a few weeks emerge as

the perfect moth. The beetle-grub, on the other hand, is

three years in the ground, and is more or less active during
its whole life, excepting during severe snaps of cold or

frosty weather. As the perfect beetle it emerges in our
midsummer and commits a certain amount of damage to

the foliage of fruit trees. We have another pest which is

also most destructive, and which is closely analogous to

the migrating " army-worm " of American entomologists.

It is the larva of a moth Lcuranium, and as the females

can deposit from seven hundred to eight hundred eggs, it

is not surprising to find it increasing, under favourable
conditions, to an alarming extent. In some years the

country is cleared by it. It marches steadily on in vast

myriads, and sweeps everything before it. I have heard
of the trains being stopped on account of the thousands
crushed on the rails rendering them too slippery for the

wheels to take grip. I have known of one farmer destrojing

two tons of them in one paddock by means of trenches

and holes, and I have also seen the creeks filled by them
two or three feet high in places. Mr. Box's description

of the habits of the cutworm are fairly exact, but that

gentleman holds that they feed all through the winter, but
this, I feel sure, is not invariably the case. All sorts of

remedies have been tried and suggested, but without avail.

Where irrigation can be carried on, immense numbers of

the caterpillars can be destroyed, but this is not always
possible. As the result of careful observations I am
myself inclined to the opinion that the only method by
winch we can hope to exterminate these imderground pests

is by top-dressing with potash salts, and I beheve that in

kainit we have the best form in which to apply them.
Indeed, I am in every way hopeful that we shall be able

to check many other pests, such as the scale-insects,

aphides, etc., by the use of kainit. I have succeeded in

the case of the peach aphis (Aphis pcrsictB nifjer Smith) and
I therefore feel very hopeful about others of the same class

of insects as well as the pear-slug (Lelamhia cernsi), all of

which are dependent upon the sap or green tissues of the

leaves. Ei,^T,_ H. Thompson,

Franklin, Huou, Tasmania Government Fniomolo^iit.

(Entomologist's Branch).

[The note in the February number of Knowledge referred to bv
Mr. Tliompson, was talien from a Tasmanian paper, and sent to us by
a reliable correspondent.— Ed.]

--<

co^•CE^TRIC kainbowp.

To the Editor of Knowledge.

Sir.—With regard to the appearance of supernumerary
rainbows, referred to in your Correspondence columns in

the October number, the explanation of these is given by the
wave theory of light, and depends on the theory of inter-

ference, combined with that of diffraction. An explanation,

based on the interference of hght, was first proposed by
Young in 180-1, and was worked out for the first time by
Mr. Potter, who published an account of his work in the
Cambridge Philosophical Transactions. The final and
complete theory was given by Sir George Airy. The
problem is a complicated one, and the theoretical con-
clusions have been esperimentally confirmed by Prof.

Miller, of Cambridge, who caused a pencil of sunlight to

pass in a horizontal direction through a narrow vertical

slit and fall upon a thin vertical jet of water. When the
stream was observed, portions of the primary and secondary
bows and a large number of the supernumerary bows were
seen forming a set of vertical coloured fringes arranged
side by side. The angular radii of the bows when
measured agreed with the value indicated by theory. An
account of Airy's theoretical investigation will be found in

Preston's " Theory of Light."

I have myself seen on three occasions within a fortnight,

while in Strathspey, Inverness-shire, brilliant rainbows
with three or four supernumerary bows remarkably well-

defined on a very dark background of cloud.

J. J, Stew.\et.

7, Mountview Koad, Crouch Hill, N.

Kotias of JJoofts.

Major James Bennell and the Bise of Modern English
(rcor/raphy. By Clements E. Markham, C.B., F.E.S.
(Cassell and Co.) Dalton, Liebig, Faraday, Clerk Maxwell,
the Herschels, Lyell, Davy, Pasteur, Darwin, and Helmholtz
are familiar names in scientific literature ; but the same
cannot, we fear, be said of that of Major Rennell, not-

withstanding Mr. Markham's assertion that " he was
undoubtedly the first great English geographer." Mr.
Markham has certainly done his best to prove Rennell's

right to that position, but even if it be granted, we venture

to doubt whether Eeunell's work was sutficiently original

and striking to interest the public for whom the Century
Science Series is intended. Eennell was born in 1712
and died in 1830. He is more remembered for his

literary labours than for his work in the field, although, as

a matter of fact, Eennell carried out a large amoimt of real

geographical work. His map of Ilindostau, and the memoir
on the geography of India, which accompanied it, earned him
the Copley medal of the Eoyal Society, and established his

position as a working geographer as well as a man of

letters. He surveyed and mapped the many ramifications
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of the deltas of the Ganges and Brahmaputra rivers, and
explored the wild forest region at the base of the
Himalayas, while his " Bengal Atlas" is a classical work.
But it was as a student of geographical works that Rennell
excelled. He brought clear reasoning and high critical

powers to bear upon many questions of importance, and
elucidated them all by his wide knowledge and indefatigable

research. We do not doubt that men like D'Anville, and
Ritter, and liennell (who had a wider experience than
either) play a very important part in advancing geography,
merely by discussing and systematizing the facts obtained
by others. How great and beneficial Eennell's influence

upon geography has been can be seen in Mr. Markham's
careful and sympathetic sketch of his life and work.
A Text-Book of Zoo-geography. By Frank E. Beddard,

plucky act on the part of Mr. Battye and his companion
to land on this unexplored island with but five weeks'
provisions, when the httle yacht which had brought them
there was forced by the ice and the want of a harbour to

leave its coasts. How natives were eventually found, the
island explored, its birds and flowers carefully chronicled,

and its formation examined, is admirably told in the book
before us. If Mr. Battye is a little too colloquial in his

expressions, his descriptions are graphic, and the spirit

and earnest zeal of the man lend enchantment to his words.
His love of birds is manifest on every page of the book, and
beyond this he is an accurate and careful recorder, and a

good all-round field-naturalist. Moreover, Mr. Battye can
draw well, and his book contains a great number of his

sketches, and also some fine drawings by Messrs. Whymper,

\ UnNTER OF DrcES. From " loe-Bauiid on Kolgiiev."

M.A., F.E.S. (Cambridge ; University Press.) In this

admirable addition to the series of Cambridge Natural
Science Manuals, Mr. Beddard describes the general facts of
the distribution of animals, explains the zoological regions,
states the causes which influence the distribution, and
discusses some theoretical considerations connected with it.

A more accurate, clear, and concise exposition of the facts

of zoo-geography could hardly be desired. All who wish
to obtain a scientific knowledge of the distribution of the
world's fauna could not do better than begin with Mr.
Beddard's book.

Ire-Boundon Kolguer. By Aubyn Trevor-Battye, F.L.S.,
F.Z.S. Illustrated. (Constable.) Up to the time of Mr.
Battye's visit, little was known of the island of Kolguev.
It was supposed to be inhabited, but even that was con-
sidered to be doubtful, while nothing was known of its

geological formation, its fauna, or its flora. It was a

Nettleship and Thornton from his originals. By courtesy
of the publishers we reproduce one of the best, illustrating

an interesting episode which the author describes in the
following words :

—" Again the ducks settled down on the
water, just on the other side of a small flattish floe. We
moved along till we were opposite this, and once more
watched. And now, close to the edge of the floe, a seal's

head twice appeared. The creature raised itself above the
water and looked about, reminding one exactly of a weasel
sniSing the air for a mouse when the hunt is momentarily
checked. Again the head disappeared. Half a minute
more and up rose the ducks for the third time. They rose
all but one. There was a flapping of wings on the surface
for a moment, and then a duck went below. It seemed as
though the bird had been caught by the feet. I never saw
the creature land with its capture The drama
was ended." Mr. Battye and his companion lived during
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a great portion of the time they spent on Kolgnev with the
Samoyeds, the inhabitants of the island, and collected a
great deal of valuable and interesting information as to

their customs, habits, and language. The information is

rather scattered, and mixed with the events of the day,

but this is remedied by a good index and several valuable

appendices. Mr. Battye has made no startling discovery,

but he has explored a hitherto little known island, and has
studied it and its inhabitants, and after all it is this sort

of steady work which has real scientific value. We can
thoroughly recommend " Ice-Bound on Kolguev " to the

general reader. It ia bright and interesting, even exciting

in parts, but it can only be fully appreciated by the

ornithologist.

0/iJect Lessons in Ilotan;/. By Edward Snelgrove, B.A.
(Jarrold and Sons.) It is a matter of satisfaction to those
who are interested in scientific education that the cardinal
principle underlying the growth of all true natural
knowledge is becoming more and more recognized every
day. Cramming is still rampant in our schools and
colleges (to the discredit of various examining bodies, be
it said, for they are at the bottom of it), but there is a
healthy feeling growing that the only scientific instruction
worth the name is that which brings the student into

personal contact with nature. The book before us carries

this idea into practice. It consists of one hundred object

lessons suited for standards III. to V. of elementary
schools, a volume suitable to standards I. and II. having
previously appeared. The book has been carefully planned
by an experienced teacher, and will do good work in
creating and fostering a love for botanical science.

The Story of the Plants. By Grant Allen. (George
Newnes.) Mr. Grant Allen's powers of exposition are
very well known, and they have earned for him a high
place among British writers, but we are of the opinion
that this volume will not add to his reputation as a
botanist. What there is in the book is readable enough,
but the ground covered is so limited (nearly three parts of

tbecontents being devoted to fertdization and reproduction),

and there is such a want of information on many points,

that the book can scarcely be regarded as a desirable

addition to the literature of even popular science.

The Strtict^tre and Life of Birds. By F. W. Headley,
M.A., F.Z.S. Illustrated. (Macmillan.) Mr. Headley
has chosen a wide field. He treats of the evolution,

structure, flight, and life of birds, in a brief and concise

manner. At the same time, enough is said on each
subject to make the book very valuable to the amateur
ornithologist both for reference and study. In the opening
chapters the author seeks to show, as so many have done
before him, that birds and reptiles have sprung from the

same stock ; but in our judgment he certainly has not
proved his case. The structure of birds, and the functions

of their various organs, are well and clearly dealt with.

Mr. Headley has a way of making the study of bones and
muscles interesting, and his descriptions are greatly aided

by a number of excellent illustrations. But, to use the

book properly, the student should, in the words of the
author, '• get dead specimens and dissect them ; see the
enormous size of the great pectoral muscles ; inflate the

airsacks .... and see how the head is almost a

feather's weight, and how the gizzard has taken the place

of the grinders that would have burdened it ... .

These, and hundreds of things besides, can only be realized

by the aid of dissection." The chapter on flight is a valuable

addition to our knowledge of this subject, and the whole
book has evidently been well thought out, and is one that

should be greatly valued by the lover of birds;

Philips' Handy-Volume Atlas of the World and Philips'

Systematic Atlas. By E. G. Ravenstein, F.R.G.S. (Philip

and Son.) These are two reliable atlases. The first

should prove a boon to the traveller. Beyond seventy-

two maps and a full index, a page of useful notes

accompanies each map. The second has been specially

designed for the use of higher schools and private students.

The index contains over twelve thousand names, and is

clearly set out. The plates adjoining the maps are

instructive, showing the languages, geology, vegetation,

density of population, etc., of the countries. These plates,

together with the fathom lines showing the depths of the

seas, should make this atlas of more than ordinary value.

The Knylish Lakes. By Hugh Robert Mill, D.Sc,
F.R.S.E. Maps and illustrations. (Philip and Son.)

Dr. Mill has done wisely in bringing out in book form his

paper " On the Bathymetrical Survey of the English
Lakes," read before the Royal Geographical Society last

year. It forms a very interesting and highly instructive

little book, and is well illustrated with excellent photo-

graphs of the district, and diagrams. There are, too, a

number of maps showing clearly the depths of the lakes

and the heights of the surrounding country. The book
should be in the hands of everyone interested in
" Lakeland."
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EARTHWORMS.
By C. P. Maeshall, M.D., B.Sc, F.E.C.S.

THE common earthworm, despised by man and
heedlessly trodden under foot, fulfils a part in

nature that would seem incredible but for the
facts revealed by the patient and long-continued
researches of Darwin. " Worms," says Darwin,

" have played a more important part in the history of the
world than most persons would at first suppose." Let us
follow Darwin, and see how this apparently insignificant
creature has changed the face of nature. We will first

consider the habits and mode of life of the earthworm.
As everyone knows, the worms live in burrows in the
superficial layer of the ground. They can live anywhere
in a layer of earth, provided it retains moisture, dry air

being fatal to them. They can, on the other hand, exist
submerged in water for several months. They live chiefly

in the superficial mould less than a foot below the surface,
but in long-continued dry weather and in very cold seasons
they may burrow to a depth of eight feet. The burrows
are lined by a thin layer of earth, voided by the worms,
and end in small chambers in which they can turn round.
The burrows are formed partly by pushing away the

earth, but chiefly by the earth being swallowed. Large
quantities of earth are swallowed by the worms for the
sake of the decomposing vegetable matter contained in it,

on which they feed. The earth thus swallowed is voided
in spiral heaps, forming the worm castings. In this way
the worm obtains food and at the same time excavates its

burrows.

In addition to the food thus obtained, half-decayed
leaves are dragged into the burrows, mainly for food, but
also to plug the mouths of the burrows for the sake of
protection. Worms are also fond of meat, especially
fat

; they will also eat the dead bodies of their relatives.
They are nocturnal in habit, remaining as a rule in
the burrows diu-ing the day and coming out to feed at
night.

The leaves dragged into the burrows are moistened by
a fluid secreted by the worm, of a digestive nature, and
the food is thus partly digested before being swallowed.
The digestive fluid of the earthworm resembles the
pancreatic juice of higher animals, and only acts when
alkaline, ^'arious acids are produced by decaying vegetable
matter, and similar changes occur in the leaves swallowed
by worms. Now if some of this acid was not neutralized,
digestion could not take place, because the digestive fluid
is alkaline. This is avoided by the action of some small
glands, called the calciferous glands, opening into the
alimentary canal. These glands secrete carbonate of lime,
which neutralizes the acids generated in the decaying
leaves.

^

The earthworm has no eyes, but is affected by strong
light if exposed to it for some time. It has no sense of
hearing, but is sensitive to the vibrations of sound. The
whole body is sensitive to touch. There appears to be
some sense of smell, but this is limited to certain articles
of food, which are discovered by the worm when buried in
earth, in preference to other bodies not relished. The
worrn appears to have some degree of intelligence from the
way in which it draws the leaves into its burrows, always
judging which is the best end to draw them in by. This
is remarkable in so lowly organized an animal, being a
degree of intelligence not possessed by many animals of
more complex organization. For instance, the ant can
often be seen dragging objects along transverselv, instead
of taking them the easiest way.

As we have seen, vast quantities of earth are continually

being passed through the bodies of worms and voided on
the surface as castings. When it is stated that the number
of worms in an acre of ordinary land, suitable for them to

live in, is fifty-three thousand, we can imagine the great

eflect which they must have on the soil. They are, in fact,

continually ploughing the land. At one part of the alimen-
tary canal of the worm is a gizzard, or hard muscular organ,

capable of grinding food into fine particles ; it is this gizzard
which is the main factor in triturating the soil, and it is

aided by small stones swallowed with the earth, which act

as mill-stones. The earth is thus continually passing
through the mill formed by the gizzards of worms, and is

reduced to fine mould. Again, from the collapsing of the

old burrows the mould is in constant slow movement, and
its particles rubbed together. Fresh surfaces are thus
exposed to the action of the carbonic acid in the soil and
to the humus acids, agents which act in the destruction

of stones and rocks. Moreover, the acids produced in the
digestive tract of the worms is not all neutralized, for the
castings have an acid reaction, and this acid acts further

in the disintegration of rocks.

Thus all the mould covering a field passes every few
hours through the bodies of worms, and the same fragments
are probably swallowed and brought to the surface many
times over in the course of centuries. Changes are also

produced in the slopes of hills by the flowing down of
moist castings and the rolling down of dry ones, thus
reducing the slope of the hills by accumulations at the
bottom. The castings are also blown repeatedly in one
direction by the prevalent winds. Now as a layer of earth
one-fifth of an inch thick, or ten tons by weight, has been
calculated in many places to be brought annually to the
surface per acre, if only a small part of this flows down
every incUned surface, or is blown by the wind repeatedly

in one direction, it is easy to see that a great change may
be produced in the surface of the land in the course
of ages.

In consequence of the immense amount of earth con-
tinually being brought to the surface by worms, it is not
diflicult to understand how objects, such as stones, rocks,

etc., lying on the surface will in course of time become
gradually buried in the ground. The worms, undermining
the stones, bring up the earth to the surface, and so raise

the ground round the edge of the stone till the latter

sinks and is eventually buried in the soil, provided the
soil is suitable for worms to live in. Darwin showed
that in a field covered with flints of various sizes,

the smaller ones disappeared in a few years, and in

thirty years all had become buried owing to the action of

worms.
Owing to the burial of stones and other objects by the

action of worms, ancient monuments, portions of Roman
villas, and other objects of antiquity have been preserved.

These have been gradually buried by the worms, and so

preserved from the destructive eflect of rain and wind.
Many Roman remains were studied by Darwin, and traces

of the action of worms found, to which action their

preservation was mainly due. The sinking of the
foundations of many old buildings is due to the action

of worms, and no building is safe from this unless

the foundations are laid lower than the level at which
the worms can work, viz., about eight feet below the
surface.

Another useful effect produced by worms is the prepara-
tion of the soil for the growth of seedlings. By their

agency the soil is periodically sifted and exposed to the
air, and in this way is able to retain moisture anl absorb
soluble substances of use for the nutrition of plants.
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Moreover, bones are buried by the castings and brought

within reach of the roots of plants.

The earthworm is thus seen to be one of the best

examples which show how "great effects from little causes

spring." This unpleasant-looking and slimy animal, before

the days of Darwin, was looked upon as an entirely useless

creature, except as a bait for fish and as food for birds.

THE NITROGEN OF THE AIR AS A PLANT
FOOD.

By George McGowan, Ph.D.

IN
the whole range of agricultural science there is no

problem whose solution has presented greater

charms, and, it may be added, greater difficulties

than the following one—Are plants capable of

feeding direrthi upon the nitrogen of the air, or are

they not ; or, to put the query in other words, can plants

assimilate fir,- nitrogen, or must their nitrogen be pre-

sented to them as food entirely in the form of a nitrogenous

compound such as ammonia or nitric acid '? The recently

published volume for the current year of the TnuiMctii'nti

of the Hiijhland and AiiricuUnral Societij contains a most

interesting paper on this subject by Dr. A. P. Aitken, the

well-known authority on agricultural chemistry, and we

think that we cannot do better than bring a resume of this

before the readers of Kno-\\xedge, since it covers within

short compass the main points of the whole subject.

Apart from the purely mineral constituents (phosphates,

potash, etc.) which plants extract from the soil, they are

built up from the four elements—carbon, hydrogen,

oxygen and nitrogen, the source of the hydrogen and

oxygen being water, and the source of the carbon the

carbonic acid of the air. But what about the source

or sources of the nitrogen ? In the year 1840, Liebig

brought out his famous treatise on Oi-ijanic Chemistry in its

Application to Aijriculture ayid rhysioloe/ij. the publication

of which, as Dr. Aitken justly remarks, forms the greatest

epoch in the history of scientific agriculture. In this

memorable work Liebig gives it as his definite opinion

that the one source from which plants derive their

nitrogen is the ammonia of the air (or its products of

oxidation, nitrous and nitric acids). " He dismissed from

his mind the idea that plants could take any of their

nitrogenous matter from the free nitrogen of the air,

because he knew that nitrogen was the most indifferent

among the elements (argon and helium being then un-

known), and naturally imagined that if plants could make

use of free nitrogen, they would not exhibit, as they did,

such an avidity for nitrogen in the form of ammonia
salts."

But this was a case in which, as we now know, Liebig

was mistaken. The first man to make a definite experi-

mental investigation of the subject, such as was fitted to

produce results of any value, was the well-known French

chemist Boussingault (1802-188G), a contemporary of

Liebig, and one of the most eminent among agricultural

chemists. His experiments had been in progress for some

years prior to the publication of Liebig's great work. lie

grew plants in an artificial soil containing no nitrogenous

matter whatever, the whole being enclosed in a small

chamber into which no air was allowed to pass that had

not been previously deprived of every trace of the ammonia
or other nitrogenous compound that it contained. Under

those circumstances, if the plants were to absorb nitrogen,

that nitrogen must be the free nitrogen of the atmosphere.

These conditions of culture were, however, such that the

plants hardly grew at all in the ordinary sense of the word,

the whole produce weighing only two or three times as

much as the original seeds. As a result, Boussingault

found in the ultimate crop—whether of oats, beans, cress,

or lupines — no more nitrogen than was originally present

in the seeds when they were planted. Notwithstanding the

unnatural conditions of growth, however, he was eventually

so satisfied with the results of his experiments as to have
no hesitation in concluding that plants could not absorb

free nitrogen from the air, and this opinion, coming as it

did from such a distinguished authority, was for long

received as correct.

In the year 1840, the late M. Georges Ville, director of

the Agricultural Experiment Station at Vincennes, near

Paris, began a long and laborious research on the same
subject, being of opinion that Boussingault's results were
not to be relied upon, inasmuch as the conditions of growth
were unnatural, the plants experimented upon having
never really entered into an independent state of existence.
" He therefore managed his plants in such a manner as to

enable them to attain a good normal growth. They were
kept under cover, but well ventilated . The soil afforded them
was abundant, and contained a certain definite amount
of nitrate of soda, and the roots had plenty of room to in-

crease, and they were also provided with good drainage and
ventilation. The result was that his plants grew to be ten,

twenty, fifty, or one hundred times or more the weight of

the seed, and in their substance they contained more nitrogen

than was contained in tlie seed and the soil tor/ether" (the

italics are ours). Since no nitrogenous matter other than
the known amount of nitrate of soda in the soil and the

free nitrogen of the air had access, M. Ville came to the

conclusion that plants, or at least certain plants, could and
did assimilate free nitrogen.

Ville's deductions, however, were by no means accepted

as correct, being in absolute contradiction to those of

Boussingault. The discussion over the point became
very warm, and ultimately the French Academy, of which
Boussingault was a distinguished member, accepted Ville's

ofi'er to appoint a commission to examine his apparatus

and superintend his experiments. This commission
reported that M. Ville's conclusions were justified by
the results he had obtained, but the members composing
it were not satisfied that the plants had not been supplied

with ammonia as an impurity in the distilled water used
for watering them. M. Ville ended his experiments in

1857, and in that year Messrs. Gilbert, Lawes, and Pugh
undertook a repetition of Boussingault s experiments at

Eothamstead, being careful to conduct these in such a

manner as to meet any possible objection that might be

taken to any part of Boussingault's procedure. Their
results entirely confirmed those of the famous French
chemist. Notwithstanding all this, M. Ville still main-
tained the accuracy of his own results, and published in

1867 a new and extended edition of his researches, in

which he reviewed and criticized the work both of

Boussingault and of the English experimenters already

cited. He maintained that in these the plants sufl'ered

from want of ventilation, that they were usually sown at

the wrong season of the year, that the quantity of soil used

was inadequate, and that—owing to this last circumstance

—the mineral manurial matter was too concentrated, and
so interfered with the development of the plants. He
further pointed out the futility of comparing plants of

immature growth with fully developed ones, and also

gave some experimental proof for the important statement

that " plants do not begin to assimilate the free nitrogen

of the air until they have attained a stage of development

in which they have acquired at least ten times the weight
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of the seed they grew from. He regarded this as the

minimum of progress ; but, in some of the experiments

recorded, it was evident that a later stage of development

had to be reached before the power of assimilating the free

nitrogen of the air was acquired."

According to Ville, therefore, a certain amount of

nitrogenous food must be supplied to plants grown in an

artificial soil, in order to bring them to that stage of

growth at which they are able to take up nitrogen directly

from the air, the amount required depending upon various

circumstances. He showed that a certain minimum of

nitrogen (/.<., nitrogenous manure) was necessary, and also

that there was a certain maximum which must not be

overstepped. If this maximum was exceeded, then the

plant never drew on the atmospheric nitrogen at all, but

preferred to feed on the more easily assimilable nitrate of

soda or other nitrogenous matter in the soil. Dr. Aitken

adverts to his having " referred at length to Ville's experi-

ments, conducted upwards of forty years ago,andrepublished

by the author about thirty years ago, because, although

they were pretty generally discredited at the time, and
their results were at variance with those of other more
distinguished experimenters, they will be found, as I shall

show hereafter, to be a remarkable anticipation of the most
recent discoveries regarding the relation of plants to

atmospheric nitrogen."

Notwithstanding the fact that Ville's experiments failed

to convince the majority of chemists, a suspicion remained

in the minds of some that the nitrogen of the air must in

some way or other become available for plants, either

directly or indirectly. How else was the "balance of

nitrogen " in the atmosphere maintained, seeing that there

was actual experimental proof that, by the decomposition

and combustion of both vegetable and animal matter, a

certain proportion of the nitrogenous matter that they

contained was constantly being broken up, with the

liberation of free nitrogen. And the same thing occurred

when nitrates were mixed with soils rich in humus. On
the other hand, it was perfectly well known that large

quantities of nitrates were lost from the soil in drainage

waters. Everything, therefore, pointed to some compen-
sating process or processes by which the free nitrogen of

the air was taken up by plants, so as to redress the waste

of nitrogenous compounds continuously going on through-

out the world. Various natural chemical processes have

been suggested at different times as affording the means of

this redress—for example, the formation of nitrite and
nitrate of ammonium in the air through the agency of the

electric discharge during thunderstorms. But it became
obvious, after due consideration, that these could only

compensate a small part of the loss of the combined
nitrogen, and that it must evidently be to some action of

plant life that we must turn for an explanation of the

riddle. This brings us to a very important paragraph in

Dr. Aitken's paper:—"It had been known for many
centuries that the growing of leguminous crops was a

means of enriching the land in such a manner that after

clover, vetches, or the like, an increased yield of wheat or

other cereal crop could be obtained ; and, since chemistry
has come to the aid of agriculture, it has been discovered

that the reason why legummous crops favour the growth of

succeeding cereals is that they leave the soil richer in

nitrogenous matter than it was before, and this despite

the fact that the leguminous crops themselves are

distinguished among all other crops by the large amount
of nitrogenous matter they contain."

Mention is then made of the important experiment,

extending over many years, carried out by Herr Schultz

on his property of Lupitz, in Altmark, Germany, which

did more than anything else to bring home the above truth

to agriculturists ; it should just be stated, in passing, that

this experiment was originally undertaken with a view
of improving poor light soil, and not for any scientific

purpose. Herr Schultz came into possession of his

property in the year 1855, at which time the land was so

poor that it could not grow oats, and, in order to obtain a

fair crop of rye, it was necessary to adopt a system of green
manuring with lupines. By following Liebig's teaching in

applying superphosphate, kainite and marl, all of which
are won-nitrogenous manures, he found that the lupines

responded wonderfully. And the above-mentioned system
of green manuring (i.e., of growing lupines or some other

leguminous crop one year, and either ploughing these in,

preparatory to taking a crop of rye, or cutting the lupines

for fodder) had for its result thnt the soil became stcailih/

richer in nitroijenowi compounds year by year. It is now
forty years since this system was begun, and it is still

being continued ; and although large crops rich in nitro-

genous matter are taken ofl" the ground annually, yet the
soil is now three times richer in nitrogen than when Herr
Schultz began to work it. "These experiments of Schultz
tell us nothing about the source of the nitrogen except
that it came from the air, but whether it (this source)

was the ammonia of the air or ordinary atmospheric
nitrogen could only be a matter of conjecture. Consider-

ing, however, the smallness of the store of atmospheric
ammonia, and that leguminous plants under manurial
treatment show no liking for ammonia salts of any kind,

and are apt to be the worse rather than the better for

them, even when applied in quantity ten^times less than
the equivalent of that contained in the crop, it seemed in

the highest degree probable that the source of the great

gain of nitrogenous mitter must be sought for in the free

nitrogen of the air."

"The remarkable effects produced by growing lupines

and other leguminous plants at Lupitz required to be
studied from some other point of view than the merely
chemical one "

—

-i.e., from the biological.

The next step towards the solution of the question

was the discovery iu the year 1877 of the now well-

known process of " nitrification " in soils, by two
French chemists, MM, Schloesing and Miiutz. Of this

discovery—a discovery which, as Dr. Aitken remarks, has
worked nothing short of a revolution in our method of

viewing the relations of the soil to plant life—nothing more
need be said here than that it has been abundantly proved

by numerous experimenters that complex nitrogenous

matters existing in ordinary soils undergo oxidation by the

oxygen of the air, first into nitrites and then into nitrates,

by the agency of perfectly definite microbes ; and some of

these latter have been isolated independently, after long

and patient endeavours, by Messrs. Winogradsky, P. Frank-
land, and Warington. The nitrates thus produced by the

microbes are then directly available as plant food.

Messrs. Hellriegel and Wilfarth then made a special

study of the small tubercles which had long ago been
observed in the roots of the lupine and plants of the same
order. A microscopic examination of the tubercles showed
that they contained bacteria, and a mass of bodies some-
what resembling bacteria and hence called bacteroids,

whilst careful experiments proved that these tubercles only

made their appearance on the roots of lupines, etc., when
the latter were grown iu ordinary soU, while plants grown in

sterilized soil were free from them. It thus followed that

the bacteria had their origin in the soil. The next point

to be determined experimentally was, what is the specific

effect of these tubercles, or rather of the bacteroids which
they contain, upon the growth of the plant ? The investi-



262 KNOWLEDGE. [NOVEMBEE 1, 1895.

gatious entered into with the view of elucidating this led to

the following results, the value of which cannot be over-

estimated, viz., " that when cereals and leguminous plants

were grown in a sandy soil to which the requisite mineral
manures were added, and the nitrogenous matter given in

the form of nitrate, the cereals made growth and attained

vigour in direct .proportion to the amount of nitrate given

to them, when the amount provided was small ; so that a

double dose of nitrate caused the growth of a two-fold

amount of organic matter, a treble dose gave a three-fold

increase, and so on until the amount of nitrate had been
added which enabled the plants to grow to their normal size,

when, of course, the further addition of nitrogen had less

and less efl'ect upon the amount of organic matter produced.

The cereals were able to assimilate the nitrate directhj, and
their growth in a soil otherwise fertile depended precisely

upon the amount of nitrate present. With the leguminous
plants no such correspondence was observed. Their growth
was quite capricious, and, indeed, sometimes the soil CDn-

tainnig the least amount of nitrate produced the largest

and healthiest plants. It seemed from many experiments

that leguminous plants—such as peas, clover, and lupines

—

were very little dependent on the nitric acid {i.e., the

nitrate) of the soil for their nitrogenous nourishment."
It followed from this that the source of nitrogen for

leguminous plants, at all events, must be atmospheric

nitrogen, either combined or free ; and—not to weary the

reader with too many details—it was conclusively estab-

lished by the experimenters just named that the free

nitrogen of the air constituted this source. It was further

found that the ability of the above order of plants to

assimilate free nitrogen was associated in some way with

the tubercles in their roots. " Lupines which were grown
in sterilized soil, but provided with all the elements of

fertility, might grow well enough, but the crop produced

contained no more nitrogen than had been provided in the

soil and in the seed, and their roots contained no tubercles.

On the other hand, when grown in a soil containing very

little nitrogen, but in which the micro-organisms associated

with the growth of tubercles were present, it was noticed

that the plants grew to a certain stature and then began
to droop. Cereals grown under similar conditions presented

a simUar appearance, and eventually died down ; but in the

case of the lupines, after passing through the drooping stage

and losing some of their leaves, they revived, shot out new
leaves, and grew at length to full stature. AVhen the crop

was analyzed, and also the soil in which it was grown, it was
found that there iras a notable increase of nitroijen in both

"

(the italics are ours). "This is precisely what Georges
Ville found in his experiments thirty years before, and
which he described to an incredulous world, and the con-

clusion he arrived at was the same, viz., that leguminous
plants are able to utilize the free nitrogen of the air in

building up their tissues." (Of course Ville had not at

that time any idea of the agency of micro-organisms

here.) The accuracy of Hellriegel and Wilfarth's results

has since been thoroughly verified, the assimilation

of nitrogen by leguminous plants and the growth of the

tubercles having been made the subjects of prolonged study

and observation. Much, however, still remains to be found

out in regard to this, for, as Dr. Aitken says, while the

fact that leguminous plants do assimilate free nitrogen

seems to be abundantly proved, the place where tbe

assimilation occurs and the conditions under which it

occuL's are still matters of conjecture.

Berthelot has shown further that—altogether apart from
the growth of leguminous plants—some soils are capable

of absorbing the free nitrogen of the air, this being due to

the presence of small unicellular alg%. Liter researches

of Kossowitch, on the other hand, appear to show that
algie have only an indirect, but none the less important,
influence upon the process. Prof. Frank, of P)erlin,

after long study of the subject, has been led to the
conclusion that the tubercles on the roots of leguminous
plants are not tbe cause of their ability to absorb free

nitrogen, but they are rather the result of that process.

He is also of opinion that the seat of the assimilation of

free nitrogen is to be found in the chlorophyll cells, where
it was long ago proved that the decomposition of carbonic
acid by plants and the fixation of its carbon takes place.

" He (Prof. Frank) makes no difference between
leguminous plants and others as regards their abdity to

assimilate free nitrogen in their chlorophyll cells, whde
he acknowledges that that order of plants possesses the

power in a very remarkable degree. He is, therefore, of

opinion that wiiile fallow land, poor in organic matter,
may become richer in nitrogen through the growth and
nitrogen assimilation of minute cryptogams therein, that

enrichment is greatly augmented when plants of a higher
order are grown upon the land."

From what has been said it will be seen that the whole
question of the assimilation of free nitrogen is in a most
interesting stage. P>iit the actual and hard-won experi-

mental proof of the fact that the free nitrogen of the air,

as such, can be taken up and is taken up by certain kind.s

of plants, assuredly marks an epoch in the history of

agricultural science. Readers who desire to enter into

the subject more fully should refer to Dr. Aitken's able

paper, for which the thanks of all who are interested in

scientific agriculture, but who are precluded through want
of time or otherwise from entering minutely into such
points themselves, are due.

Some 3Clc(cnt patrnts,

C. aud P. Pollock. Connecticut, U.S.A., A. JI. Monvll and T. L.

Murphy, Now York. U.S.A. Devices for spraying water or other

fluids. Tliis invention relates to devices for spraying water or other

fluids, for extinguisliing fires. oi' for use on gardens, lawns, &c., and
consists of a tube having a bell-shaped flaring mouth, wiihin which is

a ball of euch size as to fill the bell-mouth. A guard, passing across

the mouth of the bell, but at such a distance from the ball as to allow

the latter considerable freedom of movement, serves to hold the ball

in place when the sprinkling device is not in use. This guard, however,

has no function while tlie spriokling device is in use and water is

flowing through it, f )r the action of the water in passing around the

ball is such as to hold the ball firmly in the bottom of the bell-mouth

preventing it from escaping, and this independently of the water

pressure. The water in passing around the ball is turned into

spray, which forms in tlrops so large thnt they are not readdy

blown away by the wind, nor instantly dissipated by the heat of a

fire. The figures show an elevation and section, as constructed

for firemen's use, and provided with a straight-stream discharge

tip 7, and a spray tip 8. The plug 3 is cut away so as to form a port

or passage by which the water may be directed through the straight,

stream port 5 or the sprav port 6.

A'o. 11,148, Dated 6d Jung, 1S96. Aocejpted 171A August, 1S95.

Twelve figures.
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Burstall's GJalvanometer Scale and Lamp (Hicks's Patent). The
scale and lamp has been designed so as to be portable, rapidly

adjusted, and to work in the open daylight. The focussing tube is

carried on a

ball joint, and
bv means of

a sliding tube

can be set at

any required

height ; when
the spot of

light has been
thrown on to

the mirror,
both these
joints ( an be

locked, so that

focussing can
be done witli-

out fear of the

spot being
shifted off the

mirror.

The scale is

divided in

millimetres on ground gla^s, and is capable of adjustment both hori-

zontally and vertically, the latter adjustment being by ii cans of a rack

and pinion. The source of light is a small glow lamp, worked by two
storage batteries. A fine line is etched on the object glass, and this

line is focussed on the scale. By means of hinged joints the lamji

an^ locale can be folded into a very small compass. I his form of

scale and lamp will be very convenient in the labo atory and testing

room, and for U'ing with the potentiometer and other portable

test ng apparatus.
1 •

Alfred C. Kemper, 36, Oxford Street, London. The Kombi
Camera and Graphoscope combined.
This invention consists of an outer

me'al ea«e, 2 inches by 1^ inelies,

fitted with a lens having two stops.

The inferior contains two film liolders

fitted vith a platen for the pnrp.ise of

stretching that portion of the surface

of the film upon whic'' the exposure is

to l)c made and a mat for determining
the size and shape of the picture. The
camera holds a roll of twenty-five films.

Time or instantaneous expos\ires may
be made with an ingenious shutter
attaclied to the fore part of the
machine. Bv removing a cap-plate at tlie back tlie machine can

be used as a graphoscope.

Walter George Eent, High Holborn, London. Imjtrovenients in

disc engines, particularly suitable as water meters. The working
chamber or so-called cylinder is formed in two parts, a and ft, the

t ottom a being a

=i? flat dish with a
cylindrical boss o^

on its imderside,

to provide fo.- the

reception of tlie

ball e at the centre

of the disc or

piston d. The
sides of the upper
part h of the cy-

linder are formed
of a portion of a
sphere, and the

top consists of an
inverted conical

frustum. The
inlet and outlet

pipes g and h are

diametrically
opposite to each
other, and the inlet

and outlet ports _/ and Ic to the cylinder are formed as usual on each
side of the partition e. The gearing working the counting and
recording apparatus is contained in an oil-filled box m carried by the
cover of the outer casing.

So. 18,2h6. Dated 26<A September, 1894. Accepted \~th August,
1895. Sevenjiguret.

Ci^ess €oIttmn.
By C. D. LococK, B.A.Oxon.

Communications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Solutions of October Problem.

(J. T. Blakemore.)

Key-move.—1. Kt to Kt3.

If 1. ... K to Q5, 2. E to KRl, etc.

1. ... K to B3, 2. E to KR4, or 2. B x Pch, etc.

It is most unfortunate that the removal of a White
Pawn at QRl, just before publication, has given rise to the

above dual, which, by the way, has not been detected by

any solver. The alteration was suggested by the Cbess

Editor, and approved by the Composer, whose subtle

continuation, 2. K to KE4 in reply to 1. ... K to B3,

has thus escaped notice and appreciation.

Correct Solutions have been received from Alpba,

H. S. Brandreth, G. A. F., A. C. Challenger, A. H.
Walker, W. Willby, E. W. Brook.

M. Wiedhoft't.—In reply to 1. Kt to KC-lch Black would
play 1. ... K to Q5. There is tbtn no mate in two

more move^.

,7. T. Blakemore.—We much regret that though we
pointed out one dual we were chiefly responsible for

another.

A. C. Challemjer.—Many thanks. Tlie 3-mover appears

below. The sui-mate is reserved for next month.

G. A. V.—A capture on the opening move is considered

a ralher serious blemish, especially if the captured piece

was iree to move, tbe diminution of tbe opposmg force

being inartistic. A problem of this class is liable to baffle

the experienced solver, who naturally tries the checks and

captures only when everytliing else has failed. The pro-

motion of a Pawn increases the value of the White force,

but docs not increase it niiuifiiciilh/. Hence the queening

of a Pawn is not usually objected to, unless it occurs as

the key-move ; still it is best to avoid it when possible.

T. A. Brock.—Thanks for tbe problem, which has a

distinct and refreshing savour of originality.

PROBLEMS.

No. 1.

By T. A. Brock.

Black (12).

mm ^m m»'- *^

m,. ....... i, wM IWi

i"^".

iil HiH
^ ^H S ^P .^ >'

1 m
White (ftj.

White mates in two moves.
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No. 2.

By A. C. Chailengek.

Black (7).

White (6).

White mates in three moves.

We give below another game played in the recent

International Tournament at Hastings.

Blacz.

Dr. Tarr;iscli.

PtoK4
Kt to QB3
P to QR3
Kt to B3
P to Q3
P to QKt4
B to Kt5
BxKt
Q to Q2
Q to EG

, P to KR4
Kt to KKt5
KRP X P
KxB
QxPch
PxP
KR to R3
E to B3
B to K2
Q toR5
EtoBG
Q to B3
R to KR6
R to KR2
B to Bsq
K to Ksq

'

Q toB2
Kt to K2
Kt to Ktsq
Kt to B3
Kt to Ktsq
KxQ

. B to K2
, KxKt
, K to Q2
. ExR
, Kt to K2
. R to Esq
. Kt to B3
. K to K3

"Euy Lopez."
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EDITOT^TAL NOTE.
With the commencement of the New Volume for 1896,
Knowledge will revert to its original Title, " An
Illustrated Magazine of Science, Literature and Art,"

which it bore as founded by Mr. Proctor fifteen years ago.

The title implies a somewhat extended area of woi-k, and
it is hoped that the Magazine will thus afford its readers

even greater interest in the future than it has in the past.

With the January Number will be presented the first

coloured Astronomical Plate ever issued in Knowledge.
This will take the form of a coloured drawing of the Planet
.Jupiter, which has been executed by Mr. N. E. Green, and
reproduced by a special process. The Number will also

contain, amongst other Articles, a valuable Paper on
" Scientific Geography in England," by Dr. H. R. Mill

;

and the first of an interesting series of Illustrated Papers
on " Waves," by Mr. Vaughan Cornish.

Arrangements have been made for a succession of

important Papers in the New Year ; comprising a series of

articles by Mr. Theo. G. Pinches on Akkadian and Baby-
lonian Antiquities ; Mr. E. Lydekker, on Fur-bearing
Animals ; Mr. H. B. Walters, on Greek Art ; Mr. J. Pent-
L.\ND SinTH, Mr. Botting Hejisley, and other well-known
writers, on Botany ; and Mr. G. F. Hill, on English and
ItaUan Medals and Coins.

In Astronomy and Natural Science in all its branches
the Magazine will seek to maintain its present excellence

;

while numerous Articles will be furnished from time to

time, both by old contributors and new writers, upon
subjects connected with Science, Literature and Art.

THE KRAKATOA ERUPTION.

By Rev. E. E.\ttenbury Hodges.

ONE of the fairest regions of the world is the Malay
Archipelago. Here Nature is prodigal with her

gifts to man. Here the cocoa, palm, cinnamon
and other trees flourish, and rice, cotton, the

sugar-cane and tobacco yield their increase under
cultivation. But, beneath these scenes of loveliness, there

are terrific energies, for this region is a focus of intense

volcanic action. In it a line of volcanic action is marked
by the great vents of Pajung in Java, the cone of Princes

Island, Krakatoa, Sebesi and Rajah Bassa in Sumatra,

and in the Sunda Straits two such lines of volcanic action

would seem to cross each other (Fig. 1). The evidence for

this seems to have been furnished by the eruption of

Krakatoa in 1883.

Fig. 1.—Sketch Map, showing the supposed lines of volcanic action.

After providing for the safety and relief of the survivors,

the Dutch Government ordered a fresh survey of the

Straits, and then resolved upon a scientific investigation

of the facts pertaining to this eruption. A commission

was appointed in October, 1883, and Dr. Yerbeek, already

well known as an experienced scientific surveyor of those

regions, was able to give his valuable services. The
report of their proceedings appeared in February, 1881.

At about this time, the French Government sent out two

investigators to the region, and their observations were

subsequently published.

In January, 1884, the Council of the Royal Society

appointed a committee to collect and scientifically inves-

tigate as far as possible all data relating to the eruption.

The issue of their labours was a report,'' published in

1888. To this work we are largely indebted for the

materials of the present article, and also for the accompany-

uig illustrations, which have been copied by kind permission

of the Royal Society.

In the Sunda Straits there lies a group of small volcanic

islands (Fig. 2). The largest of these is Krakatoa. It

forms part of the "basal wreck" of a large submarine

volcano, whose visible edges are also represented by Ver-

laten and Lang Islands. In the Greek Archipelago there

is a similar example in the islands of Thera and Therasia.

* -i work of 500 p.vges, quarto, with maps, plates, and charts. Ihe
pages relating to the bibliography of the subject are also of much value.
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These are regarded as parts of the rim of the great crater-
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Fig. 2.—Chart prepared after the Eruption. The shaded portions

show the islands according to the old chart.

basin of Santorin. The dotted line on the map of

Krakatoa (Fig. 3j is an ideal completion of the cii'cuit of

this volcanic stump, the whole representing a circumference

of about twenty-five miles. Its underlying rocks indicate

its probable existence in Pleistocene times.

Within the circle referred to we have set two thick little

rings. They represent two points of eruption, presently to

be referred to, /.(., Perboewatan, at the north end, and
Danan near the middle of Krakatoa Island.
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Fig. 3.—Map of the Krakatoa tiroup, before the Eruption.

The dotted line indicates, approximately, the submerged
edge of the Great Crater.

For two hundred years the igneous forces beneath

Krakatoa remained dormant. In September, 1880, pre-

monitory shocks of earthquake were felt in the neighbour-

hood. At length the inhabitants of Batavia and Buitcn-

zorg were startled on May iOth, 1sk3, by booming sounds

•which came from Krakatoa, one hundred miles distant.

A mail steamer passing through the Strait, had her

compass violently agitated. Next day a sprinkling of

ashes was noticed at some places on each side of the Strait,

but towards evening a steam-column rising from Krakatoa

revealed the locality of disturbance. The commander of

the German war- ship Elisabeth, while passing, estimated

the dust-column to be about thirty-six thousand feet, or
seven miles high.

Volcanic phenomena being common to that region, no
fears were entertained by the inhabitants in the vicinity.

An excursion party even started from Batavia to visit the

scene of action. They reached the island on May 27th
and saw that the cone of Perboewatan was active, and that

a column of vapour rose from it to a height of less than
ten thousand feet, while lumps of pumice were shot

up to about six hundred feet. Explosions occurred at

intervals of from five to ten minutes, each of these out-

bursts uncovering the liquid lava in the vent, the glow of

which lighted up the overhanging steam-cloud for a few

seconds.

Shortly after this visit the activity diminished. But on
June llith it was noticed at xVnjer that the height of the

dust and vapour-column, and likewise the explosions, were
again increasing. On the 21th a second column was seen

rising. At length, Captain Ferzenaar, chief of the

Topographical Survey of Bantam, visited Krakatoa
Island on August 11th. He found its forests destroyed,

and a mantle of dust near its shores was twenty mches
thick. Three large vapour-columns were noted, one
marking the position of the crater of Perboewatan, while

the other two were in the centre of the island, and, of the

latter, one was probably Danan. There were also no
fewer than eleven other eruptive foci, from which issued

smaller steam-columns and dust. This was the last

report prior to the great paroxysm. During the next

two or three weeks there was a decline in the energy of

the volcano, but on the afternoon of Sunday, August 2Gth,

and all through the following night, it was evident that

the period of moderate eruptive action had passed, and
that Krakatoa had now entered upon the paroxysmal

stage. ''From sunset on Sunday till midnight, the

tremendous detonations followed each other so quickly

that a continuous roar may be said to have issued from
the island." The full terrors of the eruption were now
approaching. The distance of ninety-six miles from
Krakatoa was not sufiicient to permit sleep to the inhabi-

tants of Batavia. " All night volcanic thunders sounded
like the discharges of artillery at their very doors." On
the next morning there were four mightv explosions, i.e.,

at 5.30, 6.41, 10.2, and 10. .52 (Krakatoa time). The
third, /.('., at 10.2, was of appalling violence, and it gave

rise to the most far-reaching effects. The entire series of

grand phenomena at that spot extended over a little more
than thirty-six hours."

Captain Thomson, of the Medeu, then seventy-six

miles E.N.E. of Krakatoa, saw a black mass like smoke
rising into the clouds to an altitude estimated at not less

than seventeen miles. The eruption was also viewed by

Captain Wooldridge at a distance of forty miles. He
speaks of the vapory mass looking Like " an immense wall,

with bursts of forked lightning, at times like birgo serpents

rushing through the air." After sunset this dark wall

resembled ' a blood-red curtain with the edges of all shades

of yellow, the whole of a murky tinge, with fierce flashes

of lightning." Two other masters of vessels, at about the

same distance from the volcano, report seeing the mast-

heads and yardarms of their ships aglow with electric fire.

Such effects seem to be easily explicable. When w-e con-

sider how enormous must be the friction going on in the

hot air, through the clash against each other of myriads

of particles of volcanic dust, during ejection and in their

descent, it is evident that such friction is adequate to

produce a wide-spread electrical disturbance in the sur-

* It ceased at about 2. 30 a.m. on Tuesday, August 28th.
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rounding atmosphere. The rush of steam through craters

or other fissures would also contribute to these disturb-

ances.

From these causes also the compasses of passing ships

were much disturbed. And yet the fall of magnetic oxide

of iron (magnetite), a constituent of volcanic ash, possibly

had some share in creating these perturbations. On the

telephone line from Ishore, which included a submarine
cable about a mile long, reports like pistol shots were
heard. At Singapore, five hundred miles from Krakatoa,
it was noted at the Oriental Telephone Company's station

that, on putting the receiver to the ear, a roar like that of

a waterfall was heard. So great was the mass of vapour
and dust in the air that profound darkness, which lasted

many hours, extended even to one hundred and fifty miles

from the focus of eruption. There is the record, among
others, that it was "pitch dark" at Anjer at 2 p.m. on
the 26th.

So great, too, was the ejective force that, according to

Dr. Verbeek's estimate, the fine volcanic dust was blown
up to a height of fifty thousand feet, or over nine miles,

into space. Another estimate gives, as before stated, the

enormous altitude of seventeen miles to which the dust

had been blown. The volcanic ash, which fell upon the

neighbouring islands within a circle of nine and a half miles

radius, was from sixty-five to one hundred and thirty feet

thick. At the back of the island the thickness of the ash-

beds is from one hundred and ninety-five to two hundred
and sixty feet. Masses of floating pumice cumbered the
Strait. The coarser particles of this ash fell over a known
area equal to two hundred and eight-five thousand one
hundred and seventy square miles—a space equal to the
whole of the German Empire, Holland,Belgium, Denmark
and Iceland. It has been calculated that the matter so

ejected must have been considerably over a cubic inile in

volume.

consciences, for, being guilty of murder, they fled, fearing

that such sounds signified the approach of an avenging
force. Again, in the island of Timor, one thousand three
hundred and fifty-one miles away, the people were so
alarmed that the Government sent off a steamer to seek
the cause of the disturbance. At that time also, the
shepherds on the Victoria plains. West Australia, thought
they heard the firing of heavy artillery, at a spot one
thousand seven hundred miles distant. At midnight,
August 26th, the people of Daly Waters, South Australia,

were aroused by what they thought was the blasting of a
rock, a sound which lasted a few minutes. " The time and
other circumstances show that here again was Krakatoa
heard, this time at the enormous distance of two thousand
and twenty-three miles." And yet there is trustworthy
evidence that the sounds were heard over even greater

distances. Thundering noises were heard at Diego Garcia,
in the Chagos Island, two thousand two hundred and sixty-

seven miles from Krakatoa. It was imagined that some
vessel must be in distress, and search was accordingly
made. But most remarkable of all, Mr. -Tames Wallis,

chief of police in Rodriguez, across the Indian Ocean, and
nearly three thousand miles away from Krakatoa, made
the following statement, that " several times during the
night of August 26th-27th reports were heard coming
from the eastward like the distant roar of heavy guns.
These reports continued at intervals of between three and
four hours." Obviously, some time was needed for the
sounds to make such a journey. On the basis of the known
rate of velocity, they must have been heard at Rodriguez
four hours after they started from their source. '

And yet, great as was the range of such vibrations,

they could not be compared with that of the air-wave
caused by the mighty outburst. This atmospheric wave
started from Krakatoa at two minutes past ten on that

eventful Monday morning, moving onward in an ever-
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Krakatoa, at'tev the Eruption, as seen from the south-east.

Another distinguishing feature of this display of Nature's

powers was the magnitude and range of the explosive

sounds. It has been well remarked by Sir Robert Ball

that were Vesuvius so to act, everyone in Great Britain

would be near enough to hear the awful detonations.

Lloyd's agent at Batavia, ninety-four miles distant from
Krakatoa, reported that on the morning of the 27th the

reports and concussions were simply deafening. At
Carimon, -Java Island, which is three hundred and fifty-

five miles distant, the natives heard reports which led

them to suppose that a distant ship was in distress ; boats

put off for what proved to be a futile search. The explosions

were heard not only all over the province of Macassar, nine

hundred and sixty-nine miles from the scene of the eruption,

but over a yet wider area. At a spot one thousand one
hundred and sixteen miles distant—St. Lucia Bay, Borneo
—some natives heard the awful sound. It stirred their

widening circle, like that produced when a stone is thrown
into smooth water. This ring-like wave travelled on at

the rate of from six hundred and seventy- four to seven
hundred and twenty-six miles an hour, and went round
the world four, if not even seven times, as evidenced by
the following facts. Batavia is nearly a hundred miles
from the eruptive focus under review. There was connected
with its gasholder, the usual pressure recorder. About
thirteen minutes after the great outburst, this gauge
showed a barometric disturbance equal to about four-tenths

of an inch of mercury, i.e., an extra air-pressure of about
a fifth of a pound on every square inch. The effects on
the air of minor paroxysmal outbreaks are also recorded by
this instrument ; but barometers in the most distant places

* Later on, it was stated that booming sounds were lieard on that
day at Caiman Brae, in the West Indies, the antipodes of Krakatoa.
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record the same disturbance. '• The great wave passed
and repassed again over London, and no inhabitant wag
conscious of the fact." The barometer at Greenwich
Observatory automatically recorded this eilect ; moreover,
the instruments at Kew confirm those at Greenwich.
Evidence of the same kind was also obtained from
Valentia (Ireland), Paris, St. Petersburg, Berlin, Palermo,
Eome, New York, Toronto, Mauritius, Tokio, Bombay,
Melbourne, and many other places. " All the instrumeuts
record the first great wave from Krakatoa to its antipodes
in Central America, and also the return wave." The first

four oscillations left their mark on upwards of forty

barograms, the fifth and sixth on several, and at Kew the
existence of a seventh was certainly established.

At the same time that this immense aerial undulation
started on a tour round the world, another wave, but of

awful destructiveness, i.e., a seismic sea-wave, started on a
similar journey.* There can hardly be a doubt that this

so-called " tidal wave " was synchronous with the greatest

of the explosions. A wave from fifty to seventy-two feet

high arose, and swept with resistless fury upon the shores
each side of the Straits. The destruction to life and property
\vill probably never be fully known. At least thirty-six

thousand three hundred and eighty lives were lost, and a
great part of the district of North Bantam was destroyed,
and the towns of Anjer, Merak, Tyringin, and neigh-
bouring villages were overwhelmed.! A man-of-war, the
Berouw, was cast upon the shore of Sumatra one mile and
three-quarters inland, and masses of coral, from twenty
to fifty tons in weight, were torn from the sea-bed and
swept upon the shore. Following this seismic sea-

wave, the waters of the Strait ebbed and flowed sixteen

times in three hours. The cause of this immense wave is,

of course, conjectural. Large masses of the island were
probably blown away by the force of the explosion, and
falling into the sea propagated the wave, or possibly the
sudden displacement of water over a submarine vent gave
rise to such an undulation. It is stated on high authority
that the missing mass of Krakatoa equals two hundred
thousand million cubic feet, and that a fiftieth part of
this mass dropped suddenly into the sea would create
displacement sufficient to make a circle-wave nearly one

The captain of the Charles Ball, who was afloat a

few miles to the north of Anjer, and his helmsman " saw
a wave rush right on to Button Island, apparently sweep-

ing right over the south part and rising half-way up to the

north and east sides, fifty or sixty feet, and then continuing

on to the Java shore." He then adds the valuable remark,
" this was evidently a wave of translation and not of

progression, for it was not felt at the ship." This move-
ment coincided with the great "tidal wave," so called,

which was felt on the Ceylon coist, Aden, Port Blair,

Nagapatam, Port Elizabeth, Kurraehee, Bombay, and half-

way up to Calcutta on the Hooghly, the north-east coast

of Australia, at Honolulu (Sandwich Islands), Kadiall in

Alaska, San Celeto near San Francisco, and Table Bay.

A few days after this eruption some remarkable sky-

effects were observed in different parts of the world. Many
of these effects were of extraordinary beauty. Accordingly,

scientific inquiry was made, and in due time there was
collected and tabulated a list of places from whence these

effects were seen, together with the dates of such
occurrences. Eventually it was concluded that such

optical phenomena had a common cause, and thfit it must
be dust of ultra-microscopic fineness at an enormous
altitude. All the facts indicated that such a cloud started

from the Sunda Straits, and that the prodigious force of

the Krakatoa eruption could at that time alone account

for the presence of impalpable matter at such a height in

the atmosphere. This cloud travelled at about double the

speed of an express train by way of the tropics of Cancer
and of Capricorn. Carried by westerly-going winds, in

three days it had crossed the Indian Ocean and was
rapidly moving over Central Africa ; two days later it was
flying over the Atlantic ; then, for two more days, over

Brazil, and then across the Pacific towards its birthplace.

Its course has been thus happily phrased by Sir Eobert
Ball :

—" The dust of Krakatoa had put a girdle round the

earth in thirteen days." But the wind still carried this

haze of fine particles, now spread out over a wider track,

onward, and again it went round the world within a

fortnight. In November, the dust area had expanded so

as to include Europe and North America.

Here are a few of the facts culled from the Koyal

/#lfe...

Krakatoa, after the Eruptiiiu, as seen from the nortli

hundred miles in circumference, twenty feet high and
three hundred and fifty feet wide.

* The sea disturbance was probably composed of two descriptions

of waves—long waves, w.th periods of over an hour, and shorter but
higher waves, with irregular and much briefer intervals. The great
disturbance was probably formed of both descriptions of waves,
originated at Krnliatoa at abiiut ten a.m.

—

Roi/. Soc. Report.

t -*Vt Tvringin (tweuty-four miles from Krakatoa), as the people on
the hills at the back of the plain, stated to be sixty-seven to one
hundred feet high, were saved, it does not appear that the waie
could have been nuicli over seventy feet.

—

Soji. Soc. Report.

Society Report. On the 28th, at Seychelles, the sun was
seen as through a fog at sunset, and there was a lurid

glare all over the sky after sunset. At the island of

Eodriguez, on that day, "a strange red threatening sky
at sunset " was seen. At Mauritius (28th y, there is the
record "crimson dawn, sun red after rising, gorgeous
sunset, first of the afterglows ; sky and clouds yellow and
red up to the zenith." 28fch and 29fch, Natal—" most vivid

sunsets, also August 31st and September 5th, sky vivid

red, fading into green and purple." On the last days of

August and September Ist the sun, as seen from South
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America, appeared blue, while at Panama on 2nd and 3rd
of that mouth, the sun appeared green. " 2nd September,
Trinidad, Port of Spain.—Sun looked like a blue ball, and
after sunset the sky became so red that there was
supposed to be a big fire, oth September, Honolulu.

—

Sun set green. Remarkable after-glow first seen.
Secondary glow lasted till 7.45 p.m., gold, green, and
crimson colours. Corona constantly seen from September
5th to December 15th. Misty rippled surface of haze."
On November 26th some remarkably beautiful twilight and
after-glow effects were seen at Chelsea, Loudon. The
writer, then resident in the Isle of Wight, well remembers
that one afternoon in October, 1883, the moon presented
a singularly delicate bluish appearance. He remarked
that the effect must be due to some exceptional medium at

a great altitude.

The Royal Society's Report is enriched with six coloured
plates illustrative of these effects, copies of pictures executed
atthe time by Mr. W. Ascroft, and contains tabulated
evidence of similar sky-phenomena as supplementary to
great volcanic eruptions in former times. There is also
the interesting fact that at the eruption of Krakatoa in

1680, blood-red skies were, shortly after, visible from
Denmark.

Fio. 4.—Outline Sectiou, viewed from S.W,, showing position of
volcanic cones upon Krakatoa after the Eruption.

FiS. 5.—Outline of present crater. The dotted line shows the

portions blown away and changes effected by lava.

It remains to be said that when this now famous island

was visited shortly after the eruption of August, 1883,

great changes were noted. The whole northern and lower

portion of the island had vanished, except an isolated

pitchstone rock, ten yards square and projecting out of

the ocean, with deep water all round it. " At the same
time, a large portion of the northern part of Rakata was
blown away or destroyed, and a nearly vertical cliff

formed." See Figs. 4 and 5. In fact, a " magnificent

section " had been made of this basaltic cone, and hence
" there is afforded a perfect insight into the internal

structure of the volcano."

—

Hoy. !>oc. lUp. The coloured

plate in the album to Dr. Verbeek's work, entitled
" Krakatau," represents this aspect. Such a unique

picture is a noteworthy contribution of art to the literature

of physical science. What a tremendous work of evis-

ceration that must have been is attested by the present

condition of the island. Where Krakatoa Island, girt with

luxuriant forests, once towered from three hundred to

fourteen hundred feet above the sunlit waters, it is now,
in some places, more than a thousand feet below them.

THE GOLDEN EAGLE.

CONSIDERABLE interest is just now being awakened
amongst naturalists and in the press, on the subject

of photographing birds and their nests. The
October number of Knowledge contained a re-

production of some yovmg kestrel hawks, while iu

the present number we reprodiice a photograph of a golden

eagle's nest containing two young ones.

This photograph was taken some time ago for the late

Lord Colin Campbell, and was kindly sent to us by Mrs.
Tweedale, an enthusiastic bird-lover.

The nest, which was built on the ledge of a cliff" at

Benmore, in the Isle of Mull, was of easy access, so much
so that Mr. McDonald, the keeper at Benmore, writes that

it " can almost be walked into along the ledge of rock on
which it is built." As a rule, the golden eagle builds on a
cliff or crag in some wild, mountainous glen. On rare

occasions it builds in a tree, and Mr. Howard Saunders
says that it sometimes nests on the ground. We doubt if

there could be any nest on the groimd in the British

Islands now ! The bird has been almost exterminated from
this country by means of gun, trap, and poison, and it is

only during the last few years that it has received

protection. At the present time a good many eyries exist

in the Highlands of Scotland, and we are thankful to say
that most of them are jealously guarded by the proprietors

of the land. By such means this noble bird will, no doubt,

long continue to exist as a British species. In Ireland it

receives little protection, and consequently there are only

a few pairs left, and they nest in the wild regions of the

west and north.

About two hundred years ago the golden eagle bred in

Derbyshire and Wales, and little more than a century has
passed since it nested in the Lake District, but we suppose
that it will never again be induced to take up its quarters

south of the Border, or even in the Lowlands of Scotland,

although it does occasionally visit the latter in winter. In
the summer the golden eagle moves about but little. The
same site, indeed the same nest, is used year after year as

a breeding place, though perhaps not always by the same
two birds. One of the pair may be killed, but the other

mates again, and so for years the same eyrie is tenanted.

The nest in the photograph, we are told, has been used

for at least thirty years.

The nest itself is a huge rough structure—a platform

of sticks and heather, with a soft lining of moss, dead fern

leaves and dry grass. It is often five feet in diameter, and
is always strewn with prey and the remains. In our

illustration a lamb's head can be distinctly seen, and the

fur from no doubt innumerable hares and rabbits. Grouse

and other birds, also fawns, form prey for the eagle, and
he will sometimes attack and kill sickly ewes and deer.

But it is sad to have to say, that this noble bird is a

great carrion eater, which propensity, together with his

"ordinary looking " appearance when perched, has detracted

from his merits in the eyes of some naturalists. Mr.

Seebohm goes so far as to liken him to a vulture, and

says that "his motions are sluggish, cowardly, and tame
compared with the death-swoop of the peregrine, or

the brilliant performance of the sparrow-hawk or the

merlin."

Perhaps we have gone too far in dubbing the golden

eagle the " King of Birds," yet he is not the only king

that fails to fulfil the conditions of an ideal monarch. We
cannot better understand why he has been entitled

the " King of Birds," than when we see him swooping

round on outstretched wings soaring into space. It is,

indeed, an awe-inspiring sight. A great dark bird, fully

six feet across the wing, suddenly appears above us, and

we watch as, with no perceptible movement of the out-

stretched wings, he soars round and round in great circles.

Higher and higher he mounts, and smaller and smaller he

appears to grow, until he seems no bigger than a sparrow,

and then we see nothing but a black dot, which itself

disappears, though barely ten minutes ago the bird's great

shadow fairly startled us.

This habit of soaring, which the eagle shares with the
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raven, vulture, pelican, and stork, and many other large

birds, is a vexed point with students of flight.

How can a bird overcome gravity and mount high into

the air with no apparent effort or action of the wings ?

Exactly how, no one knows. Many theories have been
advanced. The most plausible we will briefly state.

A certain amount of wind seems, to begin with, essential to

soaring flight. Thetheoryof upwardcurrents of air accounts,

undoubtedly, for soaring under certain conditions. As the
wind encounters, say a cliff or mountain, or even a house or

other erection, it produces an upward current of air. This is

taken advantage of by birds and they are enabled, by its

help, to soar upward without strokes of the wing. For
instance, when there is a sea breeze, gulls may often be
seen soaring above the clifls against which the wind is

striking. Bat this will not account for eagles, vultures, and
adjutants soaring over a sea or level plain. To explain
this, another theory has been advanced by Lord Eayleigh,
which is clearly explained in Prof. Newton's " Dictionary
of Birds," and in Mr. Headley's •Structure and Life oi

Birds," to which we would refer the reader for more exact
information.

It has been proved that the surface of the earth retards
the motion of the wind, and thus that it gradually increases
in velocity as we get higher in the air. Suppose a bird,

which is soaring, has been ascending against the wind, and
is just about to turn round and descend with the wind.
In so descending it passes into strata of air, the velocity of
which lessens towards the earth, and so the more the bird
descends', the faster does it go in proportion to the air, and
thus it gains a greater velocity over the moving air than if

there had been no wind at all. Now it swoops round, and,
with its increased velocity, faces the wind, which lifts it,

and the higher it gets, the stronger the wind becomes, and,
consequently, the greater resistance (which is the lifting

force) does it encounter. So the bird rises, and when its

velocity is expended, it turns and goes "down wind" again
to repeat the experiment. This seems a very plausible
explanation of the wonderful soaring flight, but it may be
doubted whether the wind varies to a suifieient extent at

the great height from the earth to which birds will soar to
fully prove the case.

The eggs of the golden eagle vary to a considerable
extent in colouring. They are usually bluish-white in

ground colour, and marked with reddish-brown. Two or
three eggs are laid very early in the year, often at intervals
of several days, and, since the birds begin to sit as soon as
the first egg is laid, one may sometimes see in the same
nest an unhatched egg, a young one covered with white
down, and another partly feathered.

In our engraving it will be noticed that the two young
birds which the nest contains, have a band of white at the
basal part of the tail, which fact has led to the young bird
being sometimes called the ring- tailed eagle.

THE FILTRATION OF WATER-II.
By S.UIUEL EiDEAL, D.Sc. Lond., F.I.C., F.C.S.

IN
a previous article under the above title,* I have
discussed some of the methods of water filtration

which have been adopted in recent years in the
larger towns in this country and on the Continent,
and have shown that modern research has estab-

lished the conditions under which a town supply may
be purified on a large scale. The filtration works of a
water company or municipal authority can, however, only

* KXOWLEDGE, 1895, p. 80.

be regarded as the first line of defence taken by the

community to ensure better hygienic conditions of life,

since these filtration works, however eificient. do not

ensure absolute fi-eedom from the risks attending the con-

sumption of impure water. In the first place it is necessary

to point out that the methods of purification adopted by
the suppliers of water do not ensure absolute sterility of

the water. The most efiicient of the large filter beds only

remove a fraction of the bacteria present in all waters

which have been exposed in a river, or otherwise, to

contaminating influences.

Although it is obviously the duty of such corporations to

render the water supply as free from bacterial impurity as

possible, their chief duty is to choose a source of supply

which shall be in other respects suitable for drinking and
domestic purposes. A town supply, then, should be chosen

in regard to its chemical composition rather than in regard

to its bacterial contents, since, as I hope to be able to

show in the present article, it is possible for every house-

holder to purify his water from bacterial infection, whereas

it is almost impossible for each individual to purify a

water which is charged with organic matter and with

metallic salts of a more or less injurious character.

It is, therefore, a matter of the first consideration for

the authority supplying the water to see that it is com-
paratively free from organic matter, and compounds like

nitrates and nitrites, which' indicate what has been called

previous sewage contamination. Excess of other saline

constituents is also undesirable, and the presence of large

quantities of magnesium and lime salts are also to be

regarded as making the water unsuitable for town
purposes. Although a comparison of the death rates

of towns supplied with hard waters, and those which
contain little or no magnesium and lime salts, does not

show that the two classes of water have any marked
difl'erence upon the health of the consumers, there seems

to be evidence that hard waters are not desirable for many
individuals to habitually consume, and as they are un-

suioed for many manufacturing processes and wasteful and
unpleasant for laundry and washing purposes, no large

town should have such a supply. It is also highly im-

portant that the water chosen by an authority should be

without action itpon lead or iron pipes, since cases of

plumbism have been frequently met with from want of

care in attending to this special point. As very soft

waters are, as a rule, more likely to dissolve lead, and
especially if the supply is an intermittent one, it follows

that whilst very hard waters are to be avoided, those of

great purity, so far as lime salts are concerned, are

likewise unsuitable for municipal purposes. If it is found

impossible to find within reasonable distance a supply

which fulfils all the above conditions, it is then the duty of

the suppliers to adopt means whereby these difficulties

may be overcome by erecting plant, say for chemically

treating the water or softening it before it is submitted to

filtration. Any corporation or water company will be

properly discharging its duty to the public when it has

ensured the chemical purity of the supply and then sub-

mitted it to sand filtration so as to reduce the number of

micro-organisms to a few per cents, of those originally

present in the unpurified water. Further efforts on the

part of the supplier are unnecessary so far as the quality

of the water is concerned, but should rather be directed

towards ensuring an adequate quantity of water of constant

service. Although under these conditions a town will be

suppHed with a water of good chemical quality, compara-

tively free from bacteria, and well filtered, yet in its passage

from the works to the consumer it may become contami-

nated with the bacillus of typhoid or cholera, or some other
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pathogenic organisms. Ttiis contamination may be caused

by leakage from drains in the neighbourhood of the supply

pipes, or by aerial infection of cisterns. It is on these

grounds chiefly that at the present time the sterilization of

water at the supply works is not advocated, and only the

partial bacterial tiltration aimed at. The possibility of

pollution from these two causes renders it highly important

that some adequate system of domestic filtration should

be adopted by every householder. Unfortunately, the

majority of household filters are worse than useless, since

many of them do not effect the removal of the contami-

nating bacteria, and often, by forming a nidus for their

growth, contribute to their development and multiplication

in the water sought to be purified by their means. If we
take, therefore, the primary duty of a domestic filter to be

that of delivering sterile water, it follows that no filter

should be purchased without a guarantee from the vendor

that it is so constructed as to yield permanently sterile

water. Most of the manufacturers are now alive to this

standard, and few of the older forms of filter, in which
charcoal, sponge, or asbestos, or other similar material was
employed as the filtering medium, are now in the market.

In filters, as in everything else, the survival of the fittest

obtains, and the makers of the older forms see their business

gradually disappearing as sounder knowledge on these

matters becomes more general. That this efticiency is a

possible one has been shown by the recent development of

the manufacture of what are called candle filters of unglazed

porcelain or earthenware. These filters are the outcome
of experiments made in 1871 by Tiegel, a pupil of Klebs in

Berne, and by Pasteur, who found that plates of plaster of

Paris were efficient in sterilizing bacteriological fluids.

The first candle-filters were made privately for such e.^-

perimental purposes, and were also used by Koch in Berlin,

where they are still manufactured by the Sanitilts Porzellan

Fabrik at Charlottenburg, and in this country, filters of a

similar composition to those used by Koch are made near

Manchester. The advantages of filters of this construction

were so obvious that Pasteur in Paris was led to study

the question and considerably improved on his original

idea, which, in the hands of Chamberland, has given rise

to the Pasteur-Chamberland pattern, which has been
extensively adopted by the French Army, and is now well

known in this country. Both the Pasteur filter and those

manufactured in Germany are now made of earthenware.

Other materials have been used for the production of

candle-filters besides clay. Of these modifications, the best

known in this country is the Berkefeld-Nordtmeyer filter,

which is made of infusorial earth. These candles cannot
be sterilized by baking, like those made of clay, as they

are more fragile and are liable to fall to pieces. They can
however, be readily and conveniently sterilized by placing

them in cold water and then gradually heating the water

to the boiling point and allowing the candle to remain at

this temperature for three or four hours. Dr. Guinochet,

in reviewing the evidence on filters of this pattern, con-

cludes that the material from which they are made makes
it difficult to ensure absolute sterility in the filtrate in all

cases, and several investigators have shown that infusorial

earth has also the disadvantage of allowing the organisms
which are retained by the filter to subsequently grow through
the walls of the candle, and thus contaminate the filtered

water after the filter has been in operation for some days.

This difficulty can be overcome by periodically re-sterilizing

the filter, but any such procedure is open to the objection

that it is impossible to know, without an actual bacterio-

logical examination, whether the filter is yielding sterile or

re-contaminated water after it has been at work for some
time. Dr. Plagge suggests that for household use two

Berkefeld filters should be used and sterilized alternately

every day. Mons. F. Garros has also suggested the use of

asbestos for the construction of candle-filters, and these are

now known in France under the name of the " Filtre

Mallie." Experiments with these filters have shown that

they yield an absolutely sterile filtrate, and that they filter

very rapidly. They can be used in conjunction with a
preliminary purifier of charcoal or glass wool, which, by
removing the suspended particles in the water, prevents
the fine pores of the asbestos porcelain from becoming too

rapidly choked. At present, however, the Filtre Mallio

has only been a short time before the public, and prolonged
experiments upon its efficiency are not yet available. It

seems, however, to be likely to rank as one of the filters

which can be safely used without fear of breaking down
after long action, and if the inventor could succeed in

rendering the material a little less fragile, it would be one
of the best filters at present introduced. I understand,
however, that this fragdity has been in part overcome by
making the candles of a mixture of kaolin and asbestos,

so that the composition of the filtering material will

approach more and more closely as the percentage of kaolin

is increased to that used in the Pasteur-Chamberland filters.

In all these candle-filters, even when they are used under
a head of water, the rate of filtration is comparatively
slow. On the other hand, if by their use an absolutely

sterile filtrate can be ensured, they are to be preferred to

all forms of filters which yield a larger supply of water
per hour, but which do not profess to remove the whole of

the micro-organisms present in the water. This difficulty

has been overcome by using several candles instead of one,

and thus having what is termed a battery of filters of any
desired number. In selecting a filter, then, the principal

point to attend to after one is satisfied that initially the

filter yields sterile water, is the length of time that such a

filter will remain in an efficient condition. This varies

with the different kinds of material employed, and although
the present evidence seems to show that the kaolin

candles, as manufactured by the Pasteur-Chamberland
Company, are the best in this respect, they also may allow

organisms to grow through them if they are not periodically

cleaned. The Berkefeld filters are known to allow this

growth through to take place in a very short time, and
whenever they are used they should be frequently sterilized.

All candle-filters are open to the objection that

they may be imperfectly baked or cracked subsequently,

and thus allow the passage of unfiltered water into

the filtrate. A very good teat as to whether such a

faulty filter is being used or not is to connect it with

an air pump, and note the pressure of air required to

produce a current of air bubbles through the filter placed

in a jar of water. A Pasteur-Chamberland filter may be

considered faulty if it allows air bubbles to pass with a

less pressure than eight pounds above the atmospheric

pressure, or half an atmosphere. Other materials will not

withstand such a pressure, and it is in those cases that

one finds the micro-organisms passing through the filtering

material. A filtered sterile water is, of course, likely to

become again contaminated if it is exposed to the air, and
it is therefore desirable, with filters which only yield their

water at a very slow rate, that the receiving vessel should

be protected fi-om the air.

In testing a filter for its power of arresting bacteria, it

is important to recollect that many natural waters have

not the power of sustaining the life of certain specific

organisms, and it is therefore essential, in forming an
opinion upon the reliability of such evidence, that control

experiments should be simultaneously recorded, showing
that the particular organisms used in the filtering experi-
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ments were capable of living in the water examined under
the same conditions of temperature, Sec, that the test is

performed under.

Besides the filters having a candle form, there are a few

existing at the present time which are successful in

reducing the number of microorganisms present in a water,

although not able to produce absolute sterility. Thus, for

example, certain filters are now being introduced which
have for their filtering area a disc of natural stone, which
it is believed has the power of arresting a large percentage

of the micro-organisms naturally occurring in water.

Thfse discs must, however, vary in efficiency with the

nature of the stone, and also the thickness employed, and
so far as I am aware no accurate experiments in this

direction have been published.

Under the name of "nibestos" another similar filtering

medium has been designed, which consists of asbestos pulp

pressed into thin sheets, or filtering discs, which are

supported upon an earthenware or glass plate containing a

number of holes. Such a filter acts like a Gooch crucible,

frequently used in analytical operations, and which, if

properly made, retains even the finest precipitate. Its

behaviour towards micro-organisms has not been sufficiently

demonstrated since Dr. Sims Woodhead and Cartwright

Wood's experiments showed that the filtrate was not

sterile, although the number of organisms were diminished

;

whereas Prof. Attfield, in earlier experiments, obtained

sterility. At the present time the nibestos films are being

made much thicker, so presumably they give better results,

but there has not been published any direct evidence upon
this point. It is certain, however, that they cannot be

considered germ-proof in the same sense as that term is

used in connection with the Pasteur and Berkefeld filters.

It is impossible in the present article to discuss the alter-

nate method of sterilizing water, viz., by the action of heat.

It may be that eventually all filters will be discarded in favour

of heat sterilization. I have already endeavoured to show
that, with the exception of only a very few types of filters,

their use is worse than useless, as they rendered the water
liable to an increased instead of to a diminished contami-

nation. The boiling of water and milk is always a ready

and efficacious method for destroying germs, and unless a

filter can be constructed which will continue to give sterile

water without much attention, the boiling of the daily drink-

ing water has a good deal to be said in its favour. Apart
from this easy method for ensuring freedom from water-

borne disease, within recent years several methods of

sterilizing water by heat on a large scale have been brought

to perfection. These sterilizers, as they are called, are

gradually finding their way into hospitals and dispensaries,

as well as into private houses and for technical purposes,

owing to the fact that their simplicity of construction and
reliability more than compensate for the cost of fuel

required for working them.

WHIP-SCORPIONS AND THEIR WAYS.
By E. I. PococK.

ALTHOUGH, as their name implies, the whip-

scorpions offer a strong superficial resemblance
to the true scorpions, they are in reality more
nearly alHed to the spiders. The most obvious

points of likeness between them and the scorpions

lie in the fact that the appendages of the second pair have
lost their leg-like appearance, and have been transformed

into powerful prehensile organs or pincers, and that the

abdomen is composed of a series of distinct segments, the

posterior of which are narrowed to form a stalk, bearing a

! many-jointed thread-like tail, which undoubtedly corre-

sponds morphologically to the scorpion's poison-sting. But
to all intents and purposes the resemblance ceases here

;

for if we refer to the embryological history and to other

structural details, we find striking features of similarity

between the whip-scorpions and the spiders. In both, for

instance, there is a narrow waist separating the thorax
and abdomen, and in both the abdomen is provided with
but two pairs of breathing sacs, whereas in the scorpions

there are ioxxr pairs of these organs ; and in neither is

there a trace of those curious abdominal appendages, the

combs, which are so characteristic of scorpions. So, too,

j

in the structure of the nervous and circulatory systems, is

j

the relationship between the whip-scorpions and spiders still

further established. Nevertheless, the special characters

of the former are sufficiently well marked to allow of their

being separated as a distinct order from the spiders or

Aranese. This fact was long ago recognized by Latreille,

who proposed to include the whip-scorpions or Thcli/jiJionida

and the Phrt/niihp in his order Pedipaliii. The name " pedi-

I

palpi " or palp-footed was ascribed to these families of

I Arachnida in allusion to the peculiar formation of the first

i pair of legs. A glance at the accompanying figure of

I

Hose's whip-scorpion (TheJyphon'us hosci), from Sarawak,
will show that the appendages in question are much longer

and thinner than the rest of the legs, and that the tarsus

is divided up into a series of small segments and is claw-

less. These limbs, in fact, are never used for locomotion,

for which indeed they are quite unfitted, but take the

functional place of the antennse of an insect, and enable

their possessor to learn by touch the nature of the sur-

roundings in which it is placed. There is no doubt that

this end is also partially attained in the case of Theh/phoniis,

by the long, pliable, whip-like tail, which is thickly studded

with tactile hairs. In the Phrynidae or tailless Pedipalps,

on the other hand, in which this posterior feeler has dis-

appeared, we find the want of it made good by the exces-

sive development of the anterior feelers, which are some-

times as much as eight times the length of the animal's

body, the three distal segments of the limb being trans-

formed into a long, many-jointed antenniform lash, which
can be projected with equal ease forwards, backwards, or

sideways, the two together covering in large specimens an
area upwards of twenty-four inches in diameter.

The whip-scorpions have no poison glands for killing

prey, such as are possessed by spiders and scorpions, but

they speedily slay insects with the deadly embrace of

their pincers, which are armed for the purpose with stout,

horny spines.

The adult males are very different from the females in

appearance, being smaller and thinner in the body and
having the pincers much longer and stouter. The reason,

however, of these structural differences in the pincers is

not yet understood.

The geographical distribution of these animals is both

interesting and puzzling. They range in south-eastern

Asia from Japan and the Kiver Amur in the north to South
India and Ceylon in the south. Thence in an easterly

direction they spread throughout the islands of the Indo-

and Austro-Malayan Archipelagos, including the Philip-

pines, as far as the Fijis and the New Hebrides, perhaps

just touching the north of Queensland on the way. But
from the greater part of Asia, the whole of Europe, of

Africa, including Madagascar, of Australia, with the above-

mentioned exception, and of New Zealand, they are, so far

is at present known, entirely absent. In America their

distribution closely resembles that of scorpions and other

tropical and sub-tropical groups, for they extend from the

Southern States (Texas, Florida, etc.), through Mexico
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and the West Indies, certainly as far as the southern por-

tions of Brazil.

Of the palsontological history of whip-scorpions but

little is known. A few specimens, however, from the

carboniferous beds of Bohemia and Illinois show that, like

Hose's Wlup-Scorpion (Thelyphonus TioseiJ.

the scorpions, these animals have existed on the earth
with but little change in structure from that remote period
until the present time.

Our knowledge of the habits of the Thelyphonid» has
been greatly mcreased during the last few years by observa-
tions made of different species Uving in America and in the
East Indies.

Mr. E. W. Oates, who has perhaps collected more of these
animals than any other man living, tells us that in Burma
they live under timber and stones, or at the roots of trees

under accumulated dead leaves and rubbish, lying concealed
during the daytime and creeping about at night only. They
certainly require moisture, but muse have well-di'ained

soil. Prof. Wood-Mason, however, goes a step further
than this and affirms that he found them only during the
heaviest rains, when the soil and surrounding vegetation
was saturated with water. He noticed, too, that they soon
die when removed from their humid haunts, and from
this circumstance it was inferred that air laden with
moistm-e is necessary for respiration. We are told, on the
contrary, by ^Mr. Schwarz, that in Florida a species is

found in dry, sandy localities : and if we are to allow cre-

dence to these somewhat irreconcilable statements, it would
seem that the American and the Indian species differ con-

siderably in constitution.

Like many animals which have a reptttatiou for scarcity.

whip-scorpions seem abundant enough if the observer

knows where to look for them. Mr. Oates says that upon
one occasion, while visiting Double Island, which lies off

the coast of British Burma, he and a friend secured no less

than three hundred and sixty specimens during a three

hours' search.

All the known species appear to be nocturnal, spend-
ing the day in hiding beneath stones, logs of wood, etc.

But there is no doubt that some species dig for them-
selves holes in the grotmd, which are used as permanent
places of abode. Mr. Pergande, of Washington, who kept
in captivity a specimen of the North American species, T.

f/iganteus, put it into a jar, the bottom of which was covered
to a depth of about ten inches with sand. The animal,
after first making a tour of exploration, began to dig a
brurrow. Choosing a place where there was a slight hoUow,
it started scraping the sand together from a particular spot
with one of its great pincers. It then used both of these
organs for the same purpose, and, dragging the sand back-
wards some distance from the spot, proceeded to smooth
and level down the heap, the object of this action probably
being to prevent an accumulation of sand near the mouth
of the burrow. The animal repeated this operation until

it had dug out a tunnel from two to three inches deep, the
inner end being about an inch and a half below the surface.

The completion of the burrow, however, took several days,
the operator seeming to require many rests between whiles.
When on the prowl the animal moved about the jar very

cautiously and slowly, with its great pincers outstretched
in readiness to grab anything edible that it might come
across, the first pair of legs, or feelers, being kept in con-
stant and active motion, touching all objects within reach.

Upon perceiving the presence of a cockroach, the Tlulyphonus
either stopped or moved scarcely perceptibly, but not being
active enough to catch so agile an insect by speed of foot,

it adopted a cunning device to gain its end. Waiting near
the cockroach with extended nippers, it stretched out its

long front pair of legs, and by cautiously tapping the insect

on the further side gradually induced it to advance within
reach of its pincers ; then suddenly grasping it with these

organs and crushing it to death in their strong embrace,
it carried away the victim to be devoured at leisure in its

burrow.
The late Dr. Marx also kept in captivity a specimen ot

this species, which was supposed to be only a few days old

when captured. It started to dig a home for itself in the
sand within twenty-four hours of its being put into a glass

jar. The burrow was luckily made close to the glass wall

of the jar, so that the animal was kept constantly under
observation. It devoured on an average one or two small
cockroaches per week, but did not appear to drink any of

the water with which it was supplied. In this respect it

resembled scorpions which never seem to require water.

For about three months during the coldest part of the
year this animal closed up the aperture of its burrow and
stayed in the deepest part, which had been enlarged for the
purpose. But during this period of quiescence, it did not
lapse into a lethargic or dormant state as is usual with
hibernating animals, but stood quietly in its retreat,

sensitive to the slightest disturbance. In their natural
surroundings, however, these animals do not always bury
themselves in the winter, for during a spell of cold weather
in Florida, Mr. Schwarz found them under logs, apparently
in as active a condition as in the summer.

At the breeding season. Dr. Strubell tells us, the female
of Thelyiihmns caudntus, which is common in Java, buries

herself a foot or more deep in the groimd and there lays her
eggs, which she subsequently carries about attached to the
lower surface of her abdomen. The young when first
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batched much resemble the parent, and during growth

undergo a series of moults like spiders, scorpions, and in

fact all Arthropoda. But the process of growth seems to

be a slow one. According to Dr. Mars, bis young specimen,

above referred to, grew less than an inch m two years.

The moulting is effected as in scorpions and spiders by

the splitting of the skin along the sides of the cephalo-

thorax, beneath the carapace. Mr. Gates tells us that the

sexes grow up exactly alike until the final moult. 13ut the

male emerges from his last skin a very different looking

animal, with longer and stronger nippers, and thinner

body.
Like many other harmless animals, the whip-scorpions

have been accredited with the possession of poison glands,

and in America there are even stories to the effect that

horses have been known to die from the effects of their

sting. They may, however, be handled with perfect

impunity, and dissection fails to reveal the existence of

poison glands. They have, nevertheless, a remarkable

means of defence in a pair of stink glands which open
upon the last segment of the body at the root of the tail.

These glands discharge a liquid, the odour of which is

said to resemble acetic acid or aromatic vinegar, and is

so powerful, ]Mr. Gates tells us, that it has frequently

betrayed to him the whereabouts of the animal, and,

according to Latreille, has earned for these creatures the

title linaifpieis from the French settlers in Martinique.

There cannot be much doubt that the irangency of this

fluid renders the whip-scorpions distasteful to such enemies
as insects and birds that would otherwise prey upon
them. But upon an occasion when some drops of it

were by chance discharged into Mr. Gates's eye, no
harmful results ensued.

Another curious organ possessed by most genera of this

family may be here mentioned. This is the pair of clear

yellow spots found on the last segment of the abdomen.
The function of these is at present unknown, but it has
been suggested by Dr. Hansen that they may be luminous
organs like those to be seen on the fireily. But so far as

is at present known, this supposition has no foundation
in fact.

Notices of iSoolts.—•

—

Studies in the Erolution of Animals. By E. Bonavia, M.D.
Pp. 362. (Constable it Co.) It seems to us that Dr. Bonavia
gives himself away in the first paragraph of the preface to

this work, for therein he says :
" Having completed the

Flora of the Assyrian Monuments ami its Outcomes, I was
looking about for something to take up next as a subject of

study. In the furriers' windows I was attracted by the

leopard and tiger skins, which by degrees became objects of

mteresting study and speculation." This candid confession

startles those who are old-fashioned enough to think that

an author's first qualification should be a wide and deep
knowledge of his subject. The subject which Dr. Bonavia
happened to take up is the external coloration of mammals.
To begin with, he discusses the characters of the spots and
stripes on a number of mammals, and comes to the con-

clusion that, in the case of tigers, the stripes were derived
from spots or rosettes. Following up this notion, the
author derives the stripes of the zebra from the spotting of

dappled horses ; according to which view all horses and
asses and zebras were originally spotted, or have descended
from ancestors having spots not unlike those of the jaguar.
These points having been settled to the author's satis-

faction, the origin of the rosettes or spots themselves
is tackled, and the astounding conclusion is arrived at

that they represent the vestiges of bone -plate rosettes on

a glyptodontoid type of mammal ; in other words. Dr.

Bonavia believes that the jaguar and other members of

the cat tribe have descended from some extinct ancestor

with a glyptodontoid carapace, and as this ancestor lost

its bone-rosettes, it left behind a pattern which we see

preserved in the spot-rosettes of the jaguar. The same
theory is applied to account for the markings of horses

and other mammals. The confidence with which Dr.

Bonavia builds up such a stupendous superstructure of

theory upon a slender basis of fact is simply prodigious
;

and how he is able to shut his eyes to the anatomical and
zoological evidence which controverts it passes our com-
prehension. Many other far-fetched conclusions are arrived

at in the book, the only redeeming feature of which is the

remarkably fine illustrations. It is a pity that these

pictorial embellishments should be used to prop up such

wildly- speculative theories.

Practical Proofs of Cliemical Laws. By Yaughan
Cornish, M.Sc. (Longmans.) We have read this little

book with great pleasure, as the author has shown in it

that he is not only filled with the spirit of a true man of

science, but is also fully acquainted with the difficulties

which attend the imparting of that knowledge to others.

His exercises are carefully chosen, and as they are the actual

details of his own class experiments, there should be no
difficulty in their adoption by other teachers. We hope
that the time is not far distant when test-tubing will cease

to be designated chemistry in our public and secondary

schools, and that text-books of this practical description

will be used by teachers, so that the laws and foundations

of the science will be taught, and thus aid in sorting out

from the common herd those who are naturally gifted in

the scientific habit, and enable them to be selected by
their masters for further training and development.

The Natural Ilistonj of Aquatic Insects. By Prof. L. C.

Miall, F.R.S. Pp. "805. (Macmillan.) Signs are not
wanting of a reaction against that method of studying

zoology which confines the observations to the laboratory,

and in favour of those broader lines of study foUowed by

the great naturalists of the seventeenth and eighteenth

centuries. England is the home of observers who take a

deUght in investigating the structure and habits of animals,

though their observations are not always properly appre-

ciated by systematic zoologists. Prof. MiaU's attractive

volume will, we are glad to say, induce many to join the

ranks of the old type of naturalists, and will help to

systematize the observations of those who are already

zealous, albeit aimless, students of the wonderful workings
of nature. Written in a style easily understood, and by
one who is able to impart sound information, the book will

undoubtedly take a permanent place among works on
natural history. The illustrations, many of which are

from new drawiags by Mr. A. Pi. Hammond, are like the

text—good and true. We know of no better guide to the
study of aquatic insects in a practical way than is aft'orded

by this book, and there are few books which tend to brmg
the reader into closer contact with nature.

Petrohjijij for Students. By Alfred Harker, M.A., F.G.S.
(Cambridge University Press.) This introduction to the

microscopic study of rooks in thin slices belongs to the

carefully-prepared and well-produced series of Cambridge
Natural Science JIauuals. With the exception of Prof.

Cole's "Aids in Practical Geology," we know of no English
text-book on the microscopical characteristics of minerals

and rocks more suitable for beginners ; and as the book
before us deals entirely with petrographioal matters, it is

even more acceptable to the specialized student than Prof.

Cole's volume, which takes a larger view. The classification

of massive igneous rocks adopted by Mr. Harker is into
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plutonie rocks, intrusive rocks, and volcanic rocks. Each
of these classes is treated in a separate section, in which
the various rock-types are grouped in families founded on
the mineralogical composition. The two other sections

into which the book is divided refer respectively to

sedimentary rocks and metamorphism. The book contains

seventy-tive " process " illustrations of rock sections, and
though these cannot, of course, adequately represent the

natural appearance, they will be of great assistance to

teachers in showing structural characters. The book can
be confidently recommended to students of petrology, as a

clear and precise exposition of their subject.

Chemists and their Wonders. By F. M. Holmes. Pp.

160. (Partridge & Co.) The aim of the author of this

volume has been " to present in a purely popular form some
of the remarkable instances in which chemistry has
influenced various industries during comparatively recent

years." The style is conversational, and suited to the

mental digestion of a juvenile public. As a book for the

young, containing a number of facts about chemical arts

and manufactures, the volume will probably be successful.

Astronomers and their Observatories. By Lucy Taylor.

Pp. IGO. (Partridge & Co.) Books on astronomy are

fairly numerous, but we think there is room for this little

one. The authoress writes pleasantly, clearly, and
accurately, and her readers will obtain a good all-round

knowledge of celestial science.

Architecture for (renernl Readers. By H. Heathcote
Strahan. Pp. 332. (Chapman & Hall.) There are

many who take an interest in architecture, but lack the

knowledge which would enable them to understand the

different styles, and to come to an intelligent judgment on
architectural designs. This treatise supplies the outlines

of the principles, practice, and historical development of the

art, and anyone who reads it will be able to distinguish the

good from the bad in the design and construction of

buildings. Mr. Strahan is the editor of the Builder, and
therefore he writes as one who knows. His book is

admirably planned and attractively written, and those who
read it will not only be interested, but wiU be given at the

same time an additional source of pleasure in life.

British Birds. By W. H. Hudson, C.M.Z.S. (Long-
mans.) Illustrated. Of the many bird books recently

published, this volume must be ranked among the best.

It is not intended as a text-book for the student, but as a

book to interest the general reader, and especially the

young, in the birds of our islands. Those birds only are

dealt with which may be termed strictly British at the

present time. Thus, of the three hundred and seventy-

six so-called British species, the author has omitted

from the present volume the hundred or so which
may be described as " accidental stragglers," rightly

concluding that a bird cannot be called "British" if it

has only visited our islands on a few chance occasions.

Some time ago Mr. Hudson penned a pamphlet on
" Lost British Bu'ds." In the list of birds supposed to be

lost to our islands we are sure that Mr. Hudson was
pessimistic, and we are glad to see that he has included

in his present volume several species which he formerly

considered as lost. Of these, the bittern is figured in one

of the several beautiful coloured plates which adorn the

book. These plates are the handiwork of Mr. Thorburn,

and we have never seen better. Mr. Lodge is responsible

for a number of smaller drawings—-most of them finely

drawn and true to nature, although some of them are too

crowded. Mr. Hudson's descriptions are brief, but his words
are those of a true lover of birds, and they cannot fail to

interest the reader, be he young or old. Tlie following

passage may be taken as typical of the author's picturesque

style :—" At all seasons the jackdaw loves to consort with
his fellows, and to spend a portion of each day in aerial

games and exercises ; the birds circle about in the air,

pursuing and playfully buffeting one another, and tumbling
downwards, often from a great height, only to mount
again, to renew the mock chase and battle, and downward
fall." The value of the book is greatly enhanced by an
excellent chapter on the structure and classification of

birds by Mr. F. E. Beddard, a well-known authority on
the subject.

The Splash of a Drop. By Prof. A. M. Worthingtou,
F.E.S.

_
(S. P.'C. K.) Illustrated. This very interesting

volume is a capital addition to the "Romance of Science"
series. It is a reprint of a discourse delivered at the

Royal Institution, a year ago. Prof. Worthington has
been studying the curious phenomena for twenty years.

The splash of a drop occurs in the twinkling of an eye ;

yet it is an exquisitely regulated phenomenon, and one
which very happily illustrates some of the fundamental
properties of fluids. The problem which Prof. Worthington
has succeeded in solving is to let a drop of definite size fall

from a fixed height in comparative darkness on to a surface,

and to illuminate it by a flash of exceedingly short duration
at any desired stage, so as to exclude all the stages previous

and subsequent to those thus selected. The numerous illus-

trations in the volume testify to the accuracy and beauty
of his work. The curious results of the splash of a drop
of mercury from a height of three inches upon a smooth
glass plate are particularly interesting. Very soon after

the first moment of impact, minute rays are shot out in

all directions on the surface with marvellous regularity.

Prom the ends of these, minute droplets of liquid split off'.

The liquid subsides in the middle, and afterwards flows

into a ring. The ring then divides in such a manner
as to join up the rays in pairs. Thereafter the whole
contracts, till the liquid rises in the centre, so as to

form the beginning of the rebound of the drop from
the plate. Immediately the drops at the ends of the arms
now break off, while the central mass rises in a column
which just fails itself to break up into drops. He photo-

graphed no fewer than thirty successive stages of the splash

within the twentieth of a second, so that the average
interval between them was about the six hundredth of a

second. Remarkable are the splashes of water-drops falling

about sixteen inches into milk, but mare beautiful are the

dome forms when the height is fifty-two inches. The
study of a splash of a drop is so unique and interesting

that all of a curious turn of mind should secure the little

volume.
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trated.

The Tallennan- Sheffield Localized Hot-Air Bath. (Bailliere,

Tindall & Cox.) 2s.

Classical and Scriptural Atlas. By Geo. Carter. (Relfe Bros.)
Is. 6d.

The Elephants. (A Zoological Mnemonic.) By E. J. Anderson.
(Belfast : Mayne.) Is.

AERIAL WARFARE.
By Thomas Moy.

ALAEMING notices occasionally appear in print,

describing tbe terrific results wbicb are likely to

ensue wben aerial navigation becomes an accom-
plished fact. The nation to which the discovery

will belong is to conquer the rest of the world
;

dynamite, or something still more violent, is to bring into

subjection or destroy every enemy ; Government buildings,

arsenals and ships are to be annihilated ; in fact, the

terrible aerial navigator is to become monarch of all he
surveys, and to be able to survey to his heart's content.

When these forecasts emanate from writers upon penny
papers mankind can afford to smile, and enjoy their sleep

undisturbed by fears of explosive missiles kindly dropped
at midnight by ai.-rial cherubs sailing up aloft ; but when
men in the position of Mr. Hiram Maxim and General
Hutchinson treat the public seriously in this manner, their

views should be carefully studied and their arguments
weighed.

Mr. Maxim represents gunnery and the aviator flying

machine, pure and simple.

General Hutchinson represents the dirigible balloon and
the British Army.

As Mr. Maxim possesses mechanical knowledge, he
must be well aware that a flying machine, such as he
has built, must have considerable velocity in order to

sustain it in the air ; in other words, it is not a

flying machine unless it flies, and it cannot fly slowly,

it must have speed. Another requisite is perfect

balancing, commonly called horizontal stability ; and
this stability must not be rudely disturbed while in

flight, otherwise the machine would speedily come to

grief. Now, Mr. Maxim should be well acquainted with
the flight of shot and the laws of motion. He must also

be well aware that if a missile were dropped from an aerial

machine while in rapid flight, its downward path would
be very far from the perpendicular, and the aim would
be as erratic as can possibly be conceived. An aerial
" Shoeburyness " would be required to teach aerial soldiers

the new art of gimnery. Having studied the subject of

aerial navigation for fifty years, it appears to me a most
impracticable idea to suppose that aviators could be put to

any other use, for purposes of war, than that of observing

an enemy, signalling, and conveying information. There
is a trite old saying as to making jugged hare—" First

catch your hare "
; and I may here say " First make your

aviator." Mr. Maxim is a long way off aijrial flight, and
much farther off' aerial warfare, and still farther off taking

aim from a height of several miles, while traveUing at a

high speed.

But General Hutchinson must, from his training as a

soldier, be well acquainted with the art of defensive as well

as offensive warfare, and he must have heard of rockets ;

yet he proposes to attack an enemy with dynamite from
slow-sailing gas bags ! Would he not, as a general in the

British Army, be bound to make use of rockets if an enemy
attacked this country from the regions above ? Suppose
an aerostat came overhead on warlike deeds intent,

carrying dynamite missiles, would not General Hutchinson
send up a number of rockets, and would not the aeronauts

cut a sorry figure under the action of gravitation '? It

would not be a pleasant experience to have Congreve
rockets surrounding the gas bag, and it would be very

strange if one of these missiles did not enter the envelope

and cause an explosion. Yet General Hutchinson writes

upon this subject as though the whole business were one-

sided—as though it would be all attack and no defence.

If any owner of an aerostat would like to try his hand at

hitting an object from above, he can do so at any time

with derelict vessels in the Atlantic, but I fear that he
would get tired before he destroyed one. His ammunition
would run short.

To my mind, it appears that the accomplishment of con-

quering the air would make for peace instead of war.

Aviators would be first applied in short journeys across

the English and Irish Channels, carrying a few passengers

who fear sea-sickness ;
also in looking after disabled vessels

at sea, and giving notice at seaports where to send tag-

boats to aid them into port ; and other useful services of a

similar nature. And this is all that may be expected for

many years to come.

Note.—We learn with regret, as we go to press, of the death of

General Hutchinson.

S((tn« Notts.——

—

C. Dufour, in a paper in the Comptes Bemlus, refers to

the abnormal refraction phenomena frequently seen on the

Lake of Geneva. When the air is colder than the water,

fine mirages are observed ; when warmer, the Castle of

Chillon, which, under ordinary conditions would be in-

visible, even if it were twice its actual height, can be seen

at Morges. M. Dufour points out that these effects would
render observations on solar and stellar altitudes faulty,

and suggests the compilation of tables making the necessary

corrections for different temperatures of the air and sea.
1~¥-*

The aluminium vessels now in use in the French army
are found to wear very little. They can be heated over

gas and coal, and are not attacked by the food and wine,

i&c, as the food does not remain long in the vessels.

Flasks in which ordinary water is kept for months show
whitish spots near specks of impurities—iron, carbon, &c.,

and on the soldered portions if other metals have been
admixed. The vessels are made simply by stamping,

without soldering, except at the handles. In salt water,

corrosion of the metal proceeds more quickly than in

fresh water ; it becomes black, but sulphuric acid restores

the original brightness.
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It has often been observed that a bright scarlet uaiform

will appear perfectly white in a goad photographic dark

room with ruby glass windows. H. W. Vo3;el has com-
municited to the Paysical Society of Berlin the results of

some of his espsriments on this subject. He used oil lamps

provided with pure red, green, and blue colour screens, and
found that when white light was rigidly excluded, all

sense of colour disappeared to the observers, and nothing

but shades of black and white could ba distinguished on

objects in the room. He found that a scale of colours,

illuminated by red light, showed the red pigments as white

or grey, which abruotly turned into yellow and not red on

adding blue light. Hence a colour was perceived which was

not contained in either of the sources. Herr Vogel comes

to the conclusion that our opinion as to the colour of a

pigment is guided by our perceptiom of the absence of

certain constituents. ,__

A bright comet with a tail was discovered by Perrine, at

the Lick Observatory. California, on the 16th November,

at 17-2h. local time, its place then being ; right ascension,

13h. 41m., north declination, 1° 40'. Dr. Halm observed

the comet at the Royal Observatory, Edinburgh, as

follows.:—November 18th, 18h. 26m. 14s. Mean Time
Greenwich, a. = 13h. 48m. 15-42s. S = + 0" 48' 18 8".

A French journal describes a new and promising sub-

stitute for gold. It is produced by alloying ninety-four

parts of copper with six of antimony, the copper being first

melted and the antimony afterwards added ; to this a

quantity of magnesium carbonate is added to increase its

specific gravity. The alloy is capable of being drawn
out, wrought, and soldered just as gold is, and is said to

take and retain as fine a polish as gold. Its cost is a

shilling a pound. ., .

M.D'Arsonval finds, from his experiments on the torpedo,

that muscular contractions and electric discharges are

closely connected, and that the muscle and the electric

organ obey the same laws. In his observations the animal

was placed on a metal plate and tinfoil electrodes were
applied to its back. When the torpedo was slightly pinched,

six or ten discharges of a duration of -^g to -f^ of a second,

followed one another at intervals of y^^ of a second.

Currents strong enough to light up incandescence lamps
were obtained. After a few discharges the organs of each

side, which function simultaneously, are exhausted, the

exhaustion taking place in the electric organ, and not in

the nerve.
, ,

,

As the result of observations made at the observatory

on Mount Hamilton, W. W. Campbell came to the con-

clusion last year that no aqueous vapour is contained in

the atmosphere of Mars. This is quite a different opinion

from that to which Janssen was led by his observations,

published in 1867, which have been recently re-published

in the Comptes Rendus. In 1862, Janssen discovered the

spectroscopic bands caused by aqueous vapour in our earth's

atmosphere, these having been previously observed by

Brewster in 1833. From the 12th to the 15th of May,
1867, after having first of all made himself familiar with

the bands due to aqueous vapour, he made observations on
the summit of Etna. On the 13th the cold was excessive,

and the quantity of vapour in the earth's atmosphere was
very small—not enough to make visible the lines in the

solar spectrum called group C, and still less group D.
Wlien Mars was examined, groups C and D, although

feeble, were distinctly visible. It was in consequence of

this observation, confirmed later at Palermo and Marseilles,

that Janssen announced the presence of the vapour of

water in the atmosphere of Mars.

Rev. Samuel Barber writes to us as follows :
" Aurora

Borealis was seen at Whitstiblo-on-Saa from seven to

eight on Saturday evening, November 9th. It was in the

form of a low, long, eUiptical band, extending over the

northern horizon, and having its vertex or highest point

nearly under the double star in Ursa Major. The colour

was red. No streamers could be observed. The writer,

during the afternoon, had been struck by the rapid forma-

tion and quick motion of mitted, loose-textured cirrus and

cirro-cumulus drifting from the south. The weather was

very mild the following day
;
gusty, with sudden showers,

on Monday, when lightning was seen on the horizon, both

east and west."

Utttcrs,

[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]

INDIRECT SOURCES OF HEAT.

To tlie Editor of Knowledge.

Sir,—It has frequently occurred to me, that in books
bearing upon the subject of the various sources of heat,

especially as regards the climatic conditions of a country,

a very important item is omitted. The one I refer to is

the heat generated by the frictional action of water.

It may be that the books I have met with have, when
compared with others, dealt with the matter only in a

superficial manner ; and it is in the hope that some of

your readers may be able to tell me of a more complete

work that I now mention the subject.

Everyone is taught, from his geography book, that the

clemency of a country's climate is greatly enhanced by an
insular position. This, because (putting aside effects pro-

duced by ocean currents) water absorbs heat much slower,

but retains it much longer than does the land ; consequently

the latter is dependent for much of its warmth in winter,

when it has lost all its own summer heat, upon its

surrounding ocean blanket. Besides this, no mention is

made of any other warmth-governing cause, and it is here

where I think an important factor has been missed.

The heat which I have already referred to is that

produced mainly in the three following ways :

—

1. By friction caused by tides, depending upon the

attracting forces of the sun and moon.
2. By friction caused by waves, depending upon the

action of winds.

3. By friction caused by running water, depending upon
the gravitation of the earth.

The first is the most important, because it is general and
perpetual in its action. The amount of frictional heat

generated by this means alone, in the course of a year,

must be stupendous.

Although small in size, the moon is so close to us as to

have the greatest influence upon our tides. Thus, indirectly,

we must owe a great deal of our warmth to a cold, burnt-

out orb.

The warmth caused by wind-waves must also be very

considerable, and where breakers are constantly falling

against a rock-bound coast, I should imagine that enough
heat to have an appreciable effect would be produced.

Besides, in both these cases, it is the surface water

almost entirely which is disturbed. This, when warmed,
would be lighter than the colder layers beneath, and, in a

broad sense, would always remain uppermost, to be shaken

up over and over again, and to radiate off slowly its store

of heat-energy into the atmosphere.

The last source, when compared with the other two, is

hardly worthy of mention, but in some countries, where
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waterfalls are of very frequent occurrence, I should think
the effect would be noticeable. Is it not probable that

Norway, for instance, would be appreciably colder, were
it not for its thousands of waterfalls ?

Yours faithfully,

Boldmere Road, Erdington. Alfred J. Johnson.

THE PrZZLE OF '^ti."

To the Editor of Knowledge.

Sib,— It is easy to see that the solution of this problem
necessitates the condition that A + C + E= B + D-i-F, and
that one of these groups must sum 13.

Then in the numbers 1 to 12 there

are only eight groups of three numbers
each which fulfil this condition ; they

are as follows :—10, 2, 1—9, 3, 1—
3, 2-8, 4, 1—7, 4, 2—7, 5, 1—

6, 5, 2—6, 4, 3.

Un Vieil Etudl^nt.

To the Editor of Knowledge.

Sir,—Referring to the problem in your last number, I

find that

—

(1) The numbers in the hexagon must comprise the
number 1 , since the sum of the next six lowest numbers is

greater than 26.

(2) That the remainder, 25, may be gained either from
3, 4, 5, 6, 7, or from 2, 4, 5, 6, 8.

(3) That the latter must be taken, because 3 + 11 + 12
are required for the angles of one of the triangles.

Hence a little consideration leads to the following
solution :

—

26-(12+ ll)= l + 2

26-(ll+ 3)= 4 + 8

26- (12 + 3)= 5 + 6

-(10+ 9)=6 + l

.( 9+7)= 2 + 8

-(10 + 7)=5 + 4

•J. Willis, Ph.D.

It

To the Editor of Knowledge.

Sir,—I have found one solution of the above puzzle,
is thus :—With regard to the modus of
solution it is simple. The S in A P of
figures 1 to 12 is 78, the outer ring twice
the inner. Take the last six numbers,
this gives five too many ; exchange 5
for 10, and place the numbers in outer
angles. Adjust the inner ones in alter-

nate angles round, 4 next 3, and on to 6.

[Of the solutions sent in by your three correspondents,
I note that two—" T " and " J. Willis "—proceed on the
principles, first, that the outer ring shall be double the
inner ring, and, second, that the number in each outer
angle shall equal the sum of the two numbers directly

opposite ; while " Un Vieil Etudiant " proceeds on the
principle that the inner ring shall be double the outer
ring, which necessitates the giving up of the second con-
dition. Both solutions seem good, though they are not
only different, but different in results.—I. G. Ouseley.]

THE DARK HEMISPHERE OP VENUS.
To the Editor of Knowledge.

Sir,—In connection with the letter by M. Antoniadi,

which appears in the November number of Knowledge, I

may perhaps be permitted to refer him to one of my own,
on page 135 of your XVIIth Volume.

Uckfield. William Noble.

PHOTOGKAPHS OF NEBULE.
To the Editor of Knowledge.

Sir,—The stereoscopic method for examining stellar

photographs, which was referred to by Mr. E. Holm 33 in

the November number of Knowledge, was tried some three

years ago by Mr. W. Crookes, F.Pi.S., with the object

of detecting stellar parallax ; but the original negatives

should be used for such purposes, because the quantities

to be dealt with would be very small.

I have examined many stellar negatives taken at

different periods in duplicate, and have also examined
many thousands of the stars upon them by superposition

of the plates, but have not found any indication of dis-

placements of the stellar images due to irregular contraction

of the gelatine films.

Those who may engage in the examination of the stellar

photographs published in Knowledge should be careful in

distinguishing between instrumental distortion of the

images of the stars, and the appearances caused by the

overlapping of the photo-images of double and multiple

stars ; and it would further the real useful work that may
be done in utilizing the photographs, if some simple
experiments and tests were made by the researchers

themselves before too readily yielding to the impulse of

writing—suggesting doubts and diificulties, many of which
they would soon find to be imigniiry only. When a real

difficulty appeared, then the enlarged positives-on-glass,

or the original negatives, could be referred to, or another
photograph taken, and in this way the difficulty removed.

Crowborough. Isaac Roberts.
[The readers may here be reminded of the care which

Dr. Roberts always takes to provide the co-ordinatej of at

least four fiducial stars on each pla'.e. The fiducial

stars themselves are marked by minute ink dots, thus ;
—

(•).(••). (•••), ( ::)-]-Ed.

XoTE.—The concluding portion of IVIr. Mauuder's ai'ticle, entitled

' Wh.at is a Nebula?" (the first part of which appeared iu the
Xorember number of Ksowledgb). will be published in tlie January

NEW STARS.
By Dr. A. Beester, Junr.

IF
my suggestion in the November number of Know-
ledge be accepted, and the periodical luminous
phenomena of the sun and the red variables can
be explained by the periodical dispersion of cloudy
matter R by heat due to a new combination of gaseous

molecules A and B, " new stars " need no other explanation.
In their sudden upblazing and gradual fading away we see

once more the sudden evaporation and gradual reappearance
of dark condensed matter shutting off the light from the
still glowing interior of the star, and in their strong bright

lines we see a vigorous luminescence, as a testimony to the
greatness of the chemical force that was needed for a work
so enormous as the dispersion of a dark crust, perhaps
many centuries old. A work so gigantic is not likely to be
practicable at once. It will proceed gradually with intervals,

and so cause the new star to show its well-known
fluctuations.

As now under the never-ceasing loss of the star's heat
by radiation the vaporized crust condenses again, and so
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shuts off the always-glowing interior, the star's continuous
spectrum vanishes, but the bright line spectrum will not
disappear, since it has its origin in the external atmosphere
overlaying the crust, where, under the influence of the now
rapid cooling, chemical association still continues and so

produces a discontinuous spectrum giving to the extin-

guished new star the appearance of a planetary nebula.

This appearance has been discovered in Nova Cygni by
Lord Crawford, in Nova Aurigfe by Gothard, in Nova
Normffi by the astronomers of the Harvard College Obser-
vatory. According to Dr. and Mrs. Huggins, the spectra

of nebulio and novas have no real resemblance, for in the

position where the nebulie show their narrow and defined

lines they found in Nova Auriga?, February, 1893, extended
groups of lines {Froc. Bm/itl Soc. 54, p. 30). But since

February, 1893, the spectrum of Nova Aurigaj has shown
very interesting and significant changes, and now, according

to the numerous and complete observations of Campbell at

the Lick Observatory, is approaching the average type of

nebular spectrum {Astroph. Journal, Jan. 189o, page 50).

This remarkable assertion of Campbell has suggested to

me the following idea : If extinguishing stars show the

spectrum of gaseous nebuLie, then star clusters, where the

great majority of stars are extinguishing, will also show
such a spectrum. Thus if we assume that different clusters

can be of different ages or more or less approaching their

final extinction, then the younger irresolvable clusters will

show a substantially continuous spectrum, as does the

great nebula in Andromeda, and the elder irresolvable

clusters will show a gaseous spectrum, as does the great

nebula in Orion. If the spectra of gaseous nebulre, with
their bright lines and their more or less visible continuous

light, can be explained in this way, we have no longer to

deal with a very enigmatical nebulous matter showing in

its incommensurable aggregations neither any clear conden-
sation into centres of attraction nar an;/ relative motion of its

dijf'crent pnrta even in the line of sii/ht (Keeler: Nature, Dec.

27th, 1894). We can then comprehend also why nebulfe

described by Herschel as easily resolvable, as, for instance,

G.C. 4499, G.C. 4827, could show to Huggins a gaseous

spectrum. Such clusters, when spectroscopically observed,

lose almost entirely by spectral dispersion the white light

of theh small still visible stars, and show only clearly as a

gaseous spectrum the light of their countless already

invisible and extinguishing " new stars." It is clear,

moreover, that if the explanation suggested above is made
to depend a little upon my views as to the origin of new
stars, that dependence is not at all necessary. New stars

may be due to collisions of stars (Vogel), of stars and
cosmical clouds (Seeliger), of a star and smaller bodies

crossing its atmosphere (Beiopolsky),of meteoritic swarms
(Loekyer) ; they may be due to periastric tidal disturbances

(Huggins), to gaseous eruptions on a single star(Sidgreaves),

or to some other cause. My explanation demands nothin,'

else than that in some clusters the production of new sta;:i

might be very abundant and much more abundant than in

others. Since new stars, when small, may be easily over-

looked, it is probable that even in our own cluster they are

much more numerous than has been hitherto observed.

Again, all other bright line bodies, such as, for instance,

Beta Lyrfe, Gamma Cassiopeife, the Wolf-Piayet stars, our
sun, the red variables, and comets will eventually co-operate

to cause the spectrum of a cluster to have a gaseous
appearance.

I know very well that, since novre show two super-

posed spectra, whose dark and bright lines are relatively

displaced, this appearance has led to the hypothesis of a

direct collision of two or more celestial bodies, or of one
body and a cosmical cloud, the bodies strongly heated by

the collision showing afterwards by the displacement of
their lines their . relative motion in the line of sight.

But apart from the enormous amounts of the velocities

so suggested—velocities of -nhich no explanation is afforded,

and which are almost inconceivable in their character

—

and apart also from many other difSculties that MM. ^'ogel

and Seeliger and others have expounded in their dis-

cussions on this subject, (a) we are not obliged to see in

the indicated displacement of lines a convincing proof of
motion in the line of sight.

There are, indeed, countless experiments that have
proved in our laboratories that, without any motion of the
source of light, a displacement of lines can occur ; firstly,

by changes of pressure (b) ; secondly, by changes of

temperature {<•) ; thirdly, by changes of admixed matter
(d) ; fourthly, by changes of chemical combination (e i.

Now, if one thing is absolutely certain in our know-
ledge of sun and stars, it is this, that in their superposed
layers there must be great differences of pressure,

temperature, admixed matter and chemical combina-
tions. And it is therefore very strange that in general,

in explaining the celestial spectra, all line displacements
are simply interpreted as if all the experiments indicated

above had never been made, and as if the only possible

cause of such displacements was a hypothetical motion in

the line of sight.

Our sun often presents dissymmetrical reversals having
some analogy with those of the novas. M. Deslandres
has discovered that the dark reversal of the bright H and
K lines does not always occupy the centre of these lines.

Whatever may be the cause of such a dissymmetry,
its occurrence in a single body proves that it does not in

every case require the hypothesis of a collision of different

bodies in order to explain it ( /). M. Lockyer's photographs
of the arc spectrum have shown, moreover, that even in the

(a) H. C. Vogel, Astr. and A., December, 1893, January, 1894,
February, 1894; '' On the New Star in Auriga." H. Seeliger, iiirf.,p.

142 ;
" On the New Star in Auriga."

Fr. Sidgi-eaves, Mem. of the S.A.S., 61, p. 34. W. H. Pickering,
Aslr. and A., 94. p. 201.

" It may be also that the spectral lines are liable to be displaced by
other causes than motion in the line of sight. The spectrum of the
nora in Am-iga is rather startling, if such Telocity is the only admissible
explanation of it." (W. H. Monck. Fulliraiiom of the Ast. Soc. of
the Pacific, VII. p. 38). If the sudden iip-blazing of the novfe wen
due to heat evolved by some collision of stars, their afterwards rapid
reduction of light would be inconceivable (Scheiner, Spectr. d.

Gesfinie. p 300 ; Locky r ; The Meteoritic Blip. p. 326). How
much easier that rapid reduction can be underst od when, admitting
that the temperature remains almost uneliauued, the phenomenon is

entn-ely due to the temporary dispersion of a dark veil in the outer
layers of the star, wliich there necessarily recoudeuses again by loss

of heat as soon as there no longer a sufficient heat is evolved b\

chemical combination. The rapid reduction of light being so

explained, we have there (as well as in the red variables) a phenomenon
of the same order as tlie darkening of our sun by even the smallest

clouds in our sky.

(6) ZoUner, Ser. d. Sac/is. Ges. d. Wiss, 31st October, 1870, p.
233. Miiller, Fogg. Ann. 150 p 311.

Loekver, Phil. Tram., 74, p. 8' '5. P'oc. R. S 79, p. 428. Liveing

and Dewar. Proc. R. S., 28, p. 367.' Schuster, Nature, 75, p. 148.

Ciamicean, H'iener Per., 78, p. 886. Schuster, Die sptctral-

analgse v. Eoscoe, 90, p. 148. Scheiner, Spectridatvilyse d. Gestirne,

p. 143.

(e) Eoscoe, Die Spectralanali/se 1890, p. 148. Proc. R. Soc. 21.

p. 282.

(d) Loekyer, Chemistry of the Sun, pp. 369-370. Vogel, Piacf.
Spectr. Anal. p. 248.

Mon. d. All. d. Wiss. (Mai, 1878). Spectr. Anal. v. Roscoe, 1890,
fig. 63 (4, 5, 6 )

Claes , JFied. Ann. 3, p. 389. Kundt., ibid. 4, pp. 34.

(c) Eussell, Phil. Trans. 81, p. 887. Proc. R. Soc. 32, p. 258.

Die Speclralanali/se ». Roscoe, 1890, pp. 163-173. Mitscheriicli, Ann.
Pki/.i. Chem. 121," p. 3.

(/) Deslandres, Comptes Rend., 29 Aout., 1894, p. 457.
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arc spectrum the absorption line does not always occupy the

exact centre of the bright band (;/). Now, if already in

the dififerent layers of the voltaic arc the lines belonging

to the same matter show such clear changes of refrangi-

bility, how much greater changes can be expected in the

difl'erent layers of stars, which differ so far more widely.

AVe have here to deal with a vastly more complicated

piece of mechanism than has hitherto generally been

supposed. Chemical and electrical luminescence, cold

riames with discontinuous spectra, displacement of lines

without any motion in the line of sight, are facts which can

no longer be discarded. They must be taken into account.

So we shall get more trustworthy results than by continu-

ing to solve all spectral problems by the principles of

Kirchhoi? and Doppler only.

THE EXTERIOR NEBULOSITIES OF THE
PLEIADES.

By Miss A. M. Clerke, Authoress of " The System of the

Stars" and " A Popular History of Astrotwmy during the

Nineteenth Centttry," tfc, ih.

WHAT a powerful telescope is to a multitude of

remote star-clusters, a common opera-glass is

to the Pleiades. Its use just suffices to tran-

quillize their images, while leaving intact the

visible evidence of their close association. A
single glance embraces the entire brilliant group, and takes

in the peculiarities of its configuration, which, once seen,

are not easily forgotten. The scenic effect is splendid, and
ought to be familiar. At the first instant, one is almost
startled at the beauty and wonder of such an assemblage of

lustrously white orbs, poised, as it were, in the breathless

stillness of an apparition, and distributed with a semblance
of express arrangement, very different from that of a

casually collected crowd. Behind them, the sky, thus seen,

appears intensely black
;
yet the "silver braid " of the poet's

fancy is now perceived to have been an unconscious fore-

cast of coming knowledge. The Pleiades are, in very fact,

"tangled" and wreathed in cosmic material. Tempel's dis-

covery, in 1859, of the great Maia nebula gave the first hint

of this state of things. He intuitively apprehended its

importance. That " breath-stain " (Hauch) on the vault

of heaven would, he used to declare, perpetuate his name.
And its significance, both in itself and as an earnest of

further disclosures, is still very far from being exhausted.

The reproduction, in Knowledge for May, 1891, of Dr.

Koberts's astonishing photograph of this cluster, gave our
readers the opportunity of judging for themselves as to the

nebulous relations of its component stars. They are now
invited to look further afield. Between the Pleiades and the

Milky Way to the north, the elder Herschel located one
of those tarnished sky-areas which he alone among his

contemporaries and immediate successors was capable of

perceiving. " Diifused nebulosity," as he called it, evades,

as a rule, direct observation, so that the experience recently

gained of its considerable self-recording power is parti-

cularly welcome ; all the more so that this kind of dim
phosphorescence seems to denote the presence, not of

mere vague outflows of tenuous matter, but of more or less

definite constructions, modelled by the play of, to us,

inscrutable forces. In obtaining pictures of them, telescopes

are left nowhere by ordmary portrait lenses. Dr. Max
Wolf has shown,'- both practically and theoretically, that

his two and a quarter inch aplanatic doublet is five times

(y) CAem. of the Sun, y,. 221. * Sirius, 1891, ^. 106.

more effective for the chemical delineation of nebulse than
the Henry thirteen-inch photographic refractor, although

thirty-two times its inferior in getting impressions of stars.

With this unpretending instrument he obtained in 1890
indications of extensive nebulosities near, and plainly not

unrelated to the Pleiades.! For the intervening space,

although wide, was spanned by nebulous " bridges,"

survivals perhaps of an antique condition, if not the means
of present communication.

In the course of his comet-searches, meanwhile. Prof.

Barnard had become telescopically familiar with Herschel's
" much-aftected " region north of the Pleiades (KxcnxEDOE,
•January, 1892), and formed the project of letting his

famous " Willard lens " have a good long look at it on the

earliest available occasion. This was on December Gth,

1893, and the experiment was continued on the night but

Fia. 1.—Key-Map to the Exterior Nebulosities of the Pleiades.

one following, giving a total exposure of more than ten

hours. With what results can be seen by turning to our
plate, in which an enlargement, made by Prof. Barnard
himself from the central portion of his negative, is repro-

duced. Obliterated by its own brilliancy, the actual

cluster, with its filmy domestic furniture, is merged in a

featureless mass ; but it is easy to discern several nebulous

outflows from it through the dense throng of surrounding
stars. The most conspicuous of these run eastward, one

from the northern, the other from the southern side of the

central mass ; and an effusion to the south-west is likewise

manifest.

The picture, however, which should, for the purpose of

comparison, be turned sideways with the north uppermost,

is best elucidated by the accompanying sketch-map (Fig.

1), made by the artist from the original negative, with

which it is co-extensive. It covers, in fact, about one

hundred and fifty-eight square degrees, and reaches up to

f Axfr. Nachrichfen, No. 3275.
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the left foot of Perseus. Yet the fragmentary nebulje

registered in this neighbourhood cannot, however vastly

remote, be dissevered from the rest. The precise nature of

their connection needs further investigation ; but the con-

jecture seems plausible that, on the sensitive plates of the

future, aU will combine into a spiral structure not far

inferior in dimensions to the stupendous coils involving a

large majority of the Orion-brilHants.

The large, round, burnt-up surface on the plate is denoted

on the map by a circle enclosing the star-group, with its

now well-known appendages. Relatively to the entire span

of the gigantic nebulous system half disclosed, half

suggested in the new photograph, it is surprisingly small.

Yet there beyond question lies the nucleus, and there

possibly resides the dominating power of the grand exterior

formation. That they are parts of a whole is most clearly

indicated. One cannot fail to remark, however, that within

the precincts of the cluster, individual nebulre adhere, in

the main, to individual stars ; while outside of them, the

relations are more generalized. Maia resembles a diamond
clasp on a curving plume ; Electra protrudes a luminous
tentacle straight towards Alcyone ; Merope, besides its

sweeping gauze-train, has a close nebulous satellite, round
and condensed, like a distant comet, as yet unprovided

with perihelion-trappings. This singular couple, separated

by a clear interval of barely ten seconds, was first expressly

observed by Prof. Barnard, with the Lick thirty-six

inch, in November, 1890; but was then proved to have
been already photographed at Oxford and Lick. If for no
other reason, it deserves attention for its illustrative

S.

N.

Fig. 2.—Photograph of the Ph-iudos, bv E.
1st, lb93. Scale, 1mm = 4'-5 of ai-c.

reversed, right and left.

E. Barnard. Exposiu-e = 41i., December
In reproduction the photograph has been

bearing upon speculations regarding the origin of double
stars. Our present purpose, however, is to point out that

while the Pleiades nebula; show a detailed connection with

the members of the group, the new ones, to which Prof.

Barnard introduces us, seem to depend upon the group as

a whole. This large structural affinity is manifest in the

single fact that the two chief nebular branches issue from
the cluster at opposite ends of one of its diameters.

" At opposite ends of one of its diameters," we repeat

;

since the photograph we are engaged in considering

intimates, or rather asserts, the shape of the central

stellar collection to be roughly globular. Yet its com-
ponents give no sign of condensation towards a centre.

They are then, it may be presumed, scattered very
sparsely throughout the congeries of attached nebula, the

whole conceivably rotating with extreme slowness on a

common axis. In this not impossible, though scarcely

probable case, a statical equilibrium would prevail, and the

stars should continue relatively fixed. And we recall that

the measures hitherto executed upon them have afforded

no proof of systemic circulation. It would, none the less,

be the height of rashness to infer its absence on negative

evidence collected during little more than half a century

—

a mere moment of cosmical time. The mechanism of

clusters oft'ers indeed a problem for the present insoluble

— scarcely to be reached by so much as a conjecture.

Part of a photograph taken by Prof. Barnard in four

hours, December 1st, 1893, is shown in Fig. 2. The
halation rings, so curiously conspicuous in it, are, we need
hardly say, a purely photographic effect, and each seems
to be associated with several stars. It is an inverse

representation. The stars are printed black on a white

ground, as in the original negative, the object in view

being to bring out more clearly the peculiarities of their

distribution. Away to the north-west, on a part of the plate

not included in the accompanying reproduction, a meteor

has inscribed its "adsum" by means of a ;liort, broken trail,

indicating movement, so far as it deviated from the line of

sight, towards the south-east. But the apparition was
doubtless a mere flash, although a

tolerably bright one, since it was
registered in—at the most—one seven

thousandth part of the time allotted

to the stars.

Turning again to the plate, we
perceive with amazement that the sky-

vista, which after four hours of ex-

posure lay comparatively open, became,
in the course of ten, almost choked
with star-discs. They exhibit no trace

of condensation towards the cluster, or

of any other kind of arrangement
w. relative to it ; and must be taken

therefore to represent the contents of

the backward-lying abyss. Clearly,

then, the Pleiades are projected upon
a stratum of small stars, to which
probably belong the great majority of

the two thousand three himdred and
twenty-six mapped by the MM. Henry.
It follows that we are stOI in the

dark as regards the true nature of

this wonderful aggregation. For its

genuine members must be associated,

indistinguishably, except through the

effects of proper motion, with a

multitude of fictitious Pleiades. Of
these, half a dozen have been already

expelled by Dr. Elkin's remeasure-

ment, in 1886, of thirty-two stars determined by Bessel

during the years 1829-1841, and the proportion of intruders

may be assumed to increase enormously with descent to the

lower ranks of brightness. But about twenty years must
elapse before they can be surely identified. The cluster,

as a whole, drifts nearly six seconds a century in a

direction sensibly opposite to that of the sun's advance

through space. Stars not belonging to it will, accordingly,

be left behind ; and when the lag amounts to two second^,
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there will be little risk of error in recognizing it on care-

fully exposed and carefully measured negatives. This
process of elimination may go very far, leaving a physical

group scant in number comparatively to the optical group
with which we are at present acquainted. Those among
us will know the npshot who live to see the next return of

Halley's comet.

One element of the motion of Alcyone and its com-
panions might indeed befoi-e now have been ascertained

;

and, considering the special interest of the subject, it is

rather surprising that the spectrographic method has not
yet been appUed to its investigation. Line-displacements,

produced by the retreat from the cluster of the solar

system, should at any rate be perceptible in the spectra of its

components ; and individual modifications of this general

effect might also be brought to light. The research is one
of great promise. Data derived from it, if of the order of

accuracy now easily attainable, will be of crucial im-
portance ; and they will gratify, not prospective, but
immediate curiosity. They will not be garnered only for

the benefit of posterity. Let us hope that they may be

promptly obtained.

ON THE EXTERIOR NEBULOSITIES OF THE
PLEIADES.

By Prof. E. E. Barnard.

IN
the AstronviJiischf XKcJirichtin, No. H253, 1 have given

an account of a long-exposure photograph of the

Pleiades. A diagram drawing accompanies the

article, which shows the positions of a number of faint

nebulous masses and strips extending in all direc-

tions about the Pleiades, and apparently connected with

the nebulosities of the cluster itself.

This picture was made with the six-inch WiUard lens of

the Lick Observatory on the nights of December Gth and

8th (the 7th was cloudy), 1893, the exposure being

lOh. 15m.
It was my intention to repeat this exposure in the past

winter with a greater duration, but the winter proved the

most unfortimate for observation that we have yet liad at

Mount Hamilton, and nothing could be done while the

Pleiades were in a favourable position.

I have, however, succeeded in making an enlargement

from the negative of 1893, that shows the principal ones

of these nebulosities quite nicely.

Some of the fainter streams and masses are lost in this

enlargement, but enough remains to show clearly the

nature of the nebulosities and their relation to the Pleiades.

Two irregular streams of nebulosity are shown in the

picture, running towards the east. They flow from the

north and south sides of the cluster, and run brokenly

for three or four degrees easterly. These are the most

prominent of the new nebulosities.

Looking carefully at the picture, it will be seen that the

northern stream is double for a good part of its length, the

northern portion being very faint.

To show these faint nebulosities it was necessary to

sacrifice all the nebulosities of the immediate group along

with the bright stars of the cluster.

This is of no importance, however, since they are all

well known through previous photographs. The present

picture is intended only to show the new nebulosities.

On this subject I have an interesting letter from Dr. H. C.

Wilson, of theGoodsell Observatory, Northfield, Minnesota.

Speaking of these distant nebulosities about the Pleiades,

Dr. Wilson says, .June 2Cth, 1895 :

" I have an eleven hour exposure on the Pleiades region

taken on October 23rd, 24th, 26th, 1894, which shows
most of the great nebula sketched by you from your photo-
grajihs. It is so delicate that I did not see it until I made
a positive which considerably increased the contrasts."

The small illustration is part of a duplicate negative of

the Pleiades region.* This gives a good idea of the arrange-

ment of the stars in that region of the sky, and their rela-

tion to the Pleiades.

This picture was made 1893, December 1st, and was
given four hours exposure (from C.35 p.m. to 10.35 p.m.).

In the north-west part of the entire plate a meteor trail is

seen, directed nearly towards the Pleiades, but it does not
extend into the part of the plate reproduced.

SPECTRUM ANALYSIS.-III.
By J. .T. Stewabt, B.A.Cantab., B.Sc.Lond.

THE application of the spectroscope to the determina-
tion of tlic chemical nature of a substance depends
upon the peculiar nature of the spectrum given by
incandescent gases, which was referred to in a pre-

vious article (Knowledge, No. 117, p. 150). This
consists of one or more bright lines of definite colour sepa-

rated by dark spaces, and the number and position of these

lines is characteristic of the gas which gives out the light.

Each element, when in the state of a glowing gas, possesses

a spectrum which is peculiar to itself and differs from that

of all other substances. The position of the bright

lines in the spectrum of a given substance can be noted,

and if bright lines occupying these positions occur in the

spectrum of some compound which is under investigation,

the observer knows that the element in question must be
present in the compound. When the temperature of the

fiame is high the compound is probably dissociated or split

up into its constituent elements, each of which gives its

own spectrum with its characteristic lines indicating clearly

the presence of the particular element.

That the presence of these lines shows distinctly that a

certain element must be present follows from the fact that

A B C D = Openings in a G-rating ; L = lens ; F = focus. For full

explanation of the (Uiigvam xee Knowiedge, November, 1895. p. 250.

in no case has it yet been clearly shown that any of the

lines of two elements coincide in position. They do not

overlap, and when two lines in two difi'erent spectra

occupy the same position, this indicates that there must
be some element which is common to the two substances

* Tliis plate has been accictcntally reversed, right for left, in

eopving. This smaller photograph coTers very nearly the same area

as tile larger. The scale of the larger is Imm to 2' of arc; of the

smaller 1mm to -i'^ of arc.
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which give the spectra. If the same spectrometer is used

throughout our observations, we can draw up maps of

spectra very readily by noting the position of the observing

telescope on the graduated scale of the instrument when a

definite line is on the cross wires of the eye-piece.

In careful comparisons a still better and more certain

method than comparing maps is to observe the two actual

spectra at the same time, one being caused to occupy a

position above the other. If the same lines occur in both

the spectra they are seen at once to overlap, or some of

the lines in the upper spectrum are continued in the

lower. The upper spectrum may be that of a known
element, the presence of which in the second substance'is

being tested. In order to cause one spectrum to fall above
the other in this way, many spectroscopes are furnished

with a small right-angled prisai, which by means of internal

reflection at one of its faces causes the spectrum from a

neighbouring source of light to be thrown above that of

the flame placed in front of the slit

.

This method of analysis by means of observations on the

spectra of flames containing substances in the form of

incandescent gases gives a test of extraordinary delicacy

for the presence of elementary substances. The method
far surpasses those formerly used in chemical analysis.

The presence of sodium in the ordinary air we breathe is

shown quite clearly when we observe a colourless flame,

like that of the Bunsen lamp, through a spectroscope.

The yellow lines of the sodium spectrum shine out when
the flame is burning quietly by itself, although the quantity

of sodium present must be extremely small, coming as it

does merely from the salt borne by the wind from the

tossed up foam of the sea. In fact, the presence of the

three millionth part of a milligramme, or the one hundred
and eighty millionth of a grain of sodium, in a flame can
be detected by spectroscopic observations. The usual

occurrence of the yellow line in various spectra puzzled

chemists for long, and some supposed it must be due to a

substance universally present, such as water ; but Prof.

Swan showed its true source, and its practically constant

occurrence may be put down to the fact that no part of

our country is very distant from the sea. By means of

spectrum analysis, many substances such as lithium, which
were considered of comparatively rare occurrence, have
been shown to be present in many mineral waters.

Lithium itself has been found Ln vegetable structures and
in the human body, in the blood and musciUar tissue, and
may play a formerly unsuspected part in the economy of

nature.

Amongst the rarer elements, whose existence was
unknown until they were detected by means of the

spectroscope, are cresium, rubidium, indium, thallium,

and gallium. Cipsium and rubidium were discovered by
Bunsen in 1860. Rubidium is named from two splendid

deep red lines which are given by its vapour. Ca?sium
derives its name from the two characteristic blue lines of

its spectrum. These two metals have since been found
in the water of many mineral springs, and rubidium is

widely dift'used, being found in beetroot, in tobacco, and
in coffee, tea and cocoa.

In spectroscopic observations on gases such as hydrogen
and oxygen, electric discharges from the terminals of an
induction coil are sent through a tube of the rarefied gas,

which is thus caused to give out a luminous glow. In the

case of metals which are volatilized with difliculty, the

electric arc is made use of, the metals being exposed to the

intense heat between the carbon points. The spectra of

gases vary in many cases when the pressure to which the

gas is subjected is changed.

It was observed by WoUaston, and afterwards by

Fraunhofer, that when sunlight is drawn out into a

spectrum by means of a prism, the broad band of colour

obtained is not strictly continuous, but is traversed by

dark lines, indicating the absence of rays of certain

refrangibilities. This peculiarity was also found to exist

in the spectra of many of the fixed stars. The reason of

the appearance of these dark lines for long remained

mysterious, and the mystery was rather increased than

diminished when Fraunhofer observed that the bright

double line produced by incandescent sodium vapour coin-

cided in refrangibility and in position in the spectrum with

the double dark line called D in the solar spectrum. A
step towards the solution of the difficulty was made when
Sir D. Brewster showed that analogous lines were pro-

duced when a jar of nitrous acid gas was interposed in

the path of a ray of light. This experiment seemed to

indicate that the dark lines were not due to the absence of

certain rays from the light as it was originally given out

by the sun, but were caused by the absorption of certain

rays of definite refrangibility by vapours which the sunlight

passed through before reaching the observer. Whether
the vapours producing this absorption and cutting off of

part of the rays were situated in the atmosphere of the

sun or in that of the earth, remained unsettled until the

question was finally cleared up by the experiments of

Kirchhoft" in Germany. The insight of Sir G. G. Stokes

had previously suggested the true explanation, though this

suggestion seems to have been unknown to Kirchhoff,

whose experiments were carried out quite indepandently.

Kirchhoff' found that when light from incandescent

sodium passed through sodium vapour at a lower tempera-

ture, the characteristic yellow rays were absorbed by the

vapour. Gases or vapours which are capable of giving out

certain rays when they are sufficiently raised in tempera-

ture, are also capable of absorbing these same rays. This

property is analogous to that which occurs in experiments

on sound. A tuning-fork or stretched wire which can

vibrate so as to give out a note of definite pitch when it is

struck, can also absorb or take up this vibration from the

surrounding air when a fork or wire giving the same note

as itself is sounded near it. When a source of light of

great intensity, such as the Hght from incandescent lime

or that of the electric arc, is placed behind a sodium flame

whose temperature is lower, it is found that the continuous

spectrum formed by the light which has passed through

the sodium vapour has a dark line in the place of the

yellow line D which the sodium vapour itself gives out.

The appearance is as if there was a narrow dark gap

at the position of the D line in the spectrum which is

otherwise continuous. In the case imagined, the dark

line does not denote entire absence of these rays from

the spectrum, but merely that the light at that part

is much less intense than that from the surrounding

portions, producing thus the effect of darkness in com-

parison with the rest of the spectral band. In fact, the

light from the dark line is of the same intensity as that

which would be given if the sodium flame was observed

alone, the intense light behind it being removed. The

sodium vapour absorbs those particular yellow rays which

it can itself give out, the light reaching it beinj, after

transmission, destitute of such ; but the vapour, being

itself incandescent, gives out on its own account rays

occupying the same position as those which it absorbad

and filter'ed out of the light reaching it. Thus the dark

line is lit up only by light from the sodium flame, which

being much less intense than that from the powerful

electric arc, seems black in comparison. If a sodium

flame sends light of the same intensity through that of

another sodium flame, that is, if we take two flames of the
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same temperature, there will be no dark line produced.

The absorption of the light wUl take place as before, but

as the light given out by the second flame is of the same
sort and of the same intensity, it simply takes the place of

the absorbed light, and the result is that no dark line

occurs. If light, forming a continuous spectrum, but

coming from a source at a lower temperature than an
interposed sodium flame, be observed with a spectroscope,

the yellow D lines are seen as bright lines on a back-

ground formed by the continuous but less bright spectrum.

Kirchhofl' concluded from his experiments that the dark

D hne in sunlight was caused by the presence of sodium
vapour in the atmosphere of our luminary at a lower

temperature than the source of light. This conclusion

was strengthened when he observed dark lines coinciding

with the bright lines given out by various metallic vapours,

and in this way the presence of iron, nickel, calcium,

magnesium and other metals was detected in the solar

atmosphere. The lines C and F in the solar spectrum

were proved to be due to hydrogen, and no fewer than

four hundred and fifty of the solar dark lines have been
identified with the bright lines given out by iron. On the

other hand, the lines which would be produced by the

absorption due to mercury, gold, aluminium, lead, tin, and
some other elements are not found in the solar spectrum,

and their absence seems to point to the conclusion that

these elements are lacking in the sun's absorbent

atmosphere.

MISTLETOE AND MISTLE THRUSH.
By Ge.\ha5i W. Murdoch.

THE mysteries which have gathered round the

mistletoe plant, the llscuiu album of botanists,

have struck their roots deep in the romance of

folk-lore, in the evolution of cults and supersti-

tious ceremonial, far beyond even the deep
woodland ritual of the Druid priest. Even the most
learned of philologists of the present day are not agreed as

to the origin of the word. It fills, too, no inconsiderable

apace in realms of poetry. Our great Elizabethan drama-
tists have employed it and its imaginary properties and
parasitical ways to point their morals. Under its boughs,

at the merry Christmastide, many a life's romance, many
human comedies and even tragedies, have received their

first meaningless or passionate note of inspiration. In

this article we must not be tempted, beyond this casual

allusion, into a consideration of the mistletoe in any of

these fascinating fields of speculation. Our purpose is to

point out certain purely scientific phenomena in connection

with the plant and the mistle thrush {Turdxs riscirorus),

about which much controversy has been waged, and in

connection with which considerable ignorance still prevails,

even among botanists and ornithologists. For instance,

in one of the standard German works on sylviculture

(" The Waldschutz of Kauschiuger," by Hermann Furst),

the statement is made that the mistletoe plant "probably"
owes its wide extension and reproduction to thrushes,

which eagerly consume its berries, and " in cleansing

their beaks from the sticky flesh of the fruit, leave a

portion of it on the bark of the tree along with some of the

seeds contained in it."' That is not so, as we shall show,

and the elements of science romance are interwoven with

this very theory of seed propaganda and of specific motbis

operamli. Curiously enough, the ancient theory which
found favour with Aristotle, Pliny, .Elian, Phile, and
others, and which the poets followed blindly and enlarged

upon in metaphor form, was rudely assailed by Lord

Bacon in his " Sylva Sylvarum " (1635), and even more
vigorously ridiculed by the very sceptical Sir Thomas
Browne in his " Pseudoxia Epidemica " (1672), but is now
established as true beyond the shadow of a doubt. The
truth has been revealed by the labours of field naturalists

and observant botanists working on the very inductive

lines of reasoning that Lord Bacon is popularly credited

with having " founded," and which undoubtedly were
successfully employed by Sir Thomas Browne in exposing

many " Vulgar Errors." Lord Bacon ventures upon
reasons for discarding the ancient theory, which are alto-

gether fallacious. The passage will be found on pages 139
to 112 of the edition referred to, the old spelling and
punctuation and use of capital letters being followed.

" We finde no Super-plant that is a Formed Plant, but

Misseltoe. They have an idle Tradition, that there is a

Bird, called a Missel-Bird, that feedeth upon a Seed, which
many times shee cannot digest, and so expeleth the whole
with her Excrement which falling upon a Bough of a Tree,

that hath some Rift, putteth forth the Misseltoe. But
this is a Fable : For it is not probable, that Birds should

feed upon that they cannot digest. But allow that yet it

cannot be for other Reasons : For First it is found upon
certaine Trees : And those Trees beare no such Fruit, as

may allure tbat Bird to sit, and feed upon them. It may
be that Bird feedeth upon the Misseltoe-Berries, and so is

often found there : Which may have given occasion to the

Tale, But that which maketh an End of the Question, is,

that Misseltoe hath beene found to put forth under the

Boughes, and not [onely] above the Boughes : So it cannot

be any Thing tbat falleth upon the Bough. Misseltoe

gi-oweth chiefly upon Crab-Trees, Apple-Trees, sometimes
upon Hasles ; And rarely upon Oakes ; The Misseltoe

whereof is scounted verie Medicinall. It is ever greene,

Winter and Summer ; And beareth a White Glistering

Berry : And it is a Plant, utterly differing from the Plant,

upon which it groweth. Two things therefore may be

certainly set down. First that Seeper-fetation must be by
Abundance of Sap, in Bough that putteth it forth

:

Secondly, that that Sap must be such, as the Tree doth

excerne, and cannot assimilate For else it would goe into a

Bough ; And besides, it seemeth to be more Fat and
Unctuous, than the Ordinary Sap of the Tree, Both by the

Berry which is Clammie ; And by that it continueth greene,

Winter and Summer which the Tree doth not.''

The basis of Lord Bacon's objections to the ancient

theory, and, as we shall show, correct theory, is that " it

is not probable birds should feed upon that they cannot

digest," the fact being that bu'ds do feed on " that they

cannot digest," but which is used as an aid to digestion.

In the palmy days of falconry in this country, falconers

knew this secret of nature, and more than one reference to

it will be found in the dramas of the period. Thus
Webster, for instance, in the great tragedy of The White

Devil, Act III., Scene 1

—

" TiTTORiA CoROiiBOXA : Surely, my loi'd.<, tliis lawyer here liatli

swallowed
Some potheenries' bills or proclamations,

,Vnd now the hard and uudigestible words
Conic up, like stones we used to give hawks for physic."

The fact is that it is a necessity for birds (the ostriches

in particular) to swallow hard bodies, which remain in the

pyloric region of the stomach and there play the part, as

regards food, of masticatory organs. But as far as many
seeds are concerned, it is notorious that they do pass

through the organic system, not only of birds but of

mammals, in an undigested form, and without their vital

fructifying functions being destroyed. It is, of course,

notoriously so with the seeds of the mistletoe as swallowed
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and discharged by the mistle or, rather, mistletoe thrush.

Sir Thomas Browne, in his " Pseudoxia Epidemica," follows

Lord Bacon's sceptical rejection of the ancient theory of

mistletoe plant propagation, and, indeed, goes more than
one point further. He says ;

" Why if it ariseth from a

seed if sown it will not grow again, Pliny affirmeth, and
as by setting the berries thereof, we have in vain attempted
its production ; why if it cometh from seed that falleth

upon the tree, it groneth often downward and puts forth

under the bouqh, where seed can neither fall nor yet remain,"

&a. (page 106, edition 1672).

We have italicized those words of the sceptical doctor

upon which he appears to have put most stress as destruc-

tive of the ancient theory, although, as a matter of fact, he

was at one with Lord Bacon on the other points, and was
equally astray. We have seen that a very distinguished

German sylviculturist has propagated an entirely erroneous

theory to account for the phenomenon that puzzled both

Lord Bacon and Sir Thomas Browne. We must appeal to

another great German authority to aid us in explainmg
the apparent mystery of the undergrowth characteristic

of the mistletoe plant. The following passages will be

found in Vol. I., pages 205-6, of the new English edition of
" The History of Plants," by Anton Kerner von Marilaun,

Professor of Botany in the University of Vienna :

—

"The dissemination of the European mistletoe is effected,

as in all the other Loranthaceae, through the agency of

birds—thrushes in particidar—which feed upon the berries

and deposit the undigested seeds with their excrement
upon the branches of trees. That a preliminary passage

through the alimentary canal of birds is essential to the

germination of these seeds is no doubt a delusion, this

assumption of former times being easily refuted by the

fact that one can readily induce the seeds of berries, taken

fresh from a tree and stuck into fissures in the bark of

moderately suitable trees, to germinate ; it is, however,

true that in nature mistletoe seeds are dispersed exclusively

by birds in the manner above mentioned. To this method
of dissemination must be attributed the phenomenon,
which, at first sight, is surprising, that mistletoe plants

are rarely seated upon the upper surface of branches, but

very frequently on the sides. For the dung of thrushes,

which live upon mistletoe berries, is in the form of a semi-

fluid, highly viscid mass, ductile like bird lime ; and even
when it is deposited upon the upper surface of slanting

branches it immediately runs down the sides, sometimes
extending in ropes twenty or thirty centimetres in length.

Owing to the viscous mass thus following the law of gravity,

the mistletoe seeds embedded in it are conveyed to the sides

and even to the under surface of the bark, and there remain
cemented. It may be a long time before a seed of the

kind germinates, especially if it does not become attached

until the autumn. The embryo is completely surrounded
in the seed by reserve food. It is club-shaped and com-
paratively large, and is distinguished by the fact that the

two oblong cotyledons, which are closely pressed together,

but often somewhat wavy at the margins, are coloured

dark green by chlorophyll, like the environing cellular

mass fiUed with reserve materials. In the process of

germination, the axis of the embryo, especially the part

lying beneath the cotyledons, and passing into the

hemispherical radicle, lengthens out, the white seed coat

is pierced, and the radicle makes its appearance through
the breach. Under all circumstances the emergent radicle

is directed towards the bark of the branch to which the

seed is adherent. This is the case even when the seed

chances to stick with the radicle of the seedling pomting
away from the branch, the whole axis of the embryo
cui-ving towards the surface of the bark in a very striking

manner. Thus the radicle always reaches the bark, and
having done so it becomes adpressed and cemented to

its surface, spreads itself out in the form of a doughy
mass, and so develops into a regular attachment disc.

From its centre a slender process now grows into the

bark of the host plant, piercing the latter and penetrating
as far as the wood, but not growing into that tissue. This
penetrating process has been termed a ' sinker,' and must
be looked upon as a specially modified root."

In the language of the great German botanist, the whole
mystery is cleared up, and the facts now made plain may
even go some length in clearing up the philological difficulty

about the origin of the words " mistletoe " and " mistle

thrush." The theories of Dr. Prior, Bosworth, and others

who traced the word to the old English mistiltan, " from
'mistl,' different, and 'tan,' a twig, being so unlike the tree

it grows on," must be abandoned. It is possibly derived
from the Scandinavian " mist," meaning dirt, or obscurity.

But be that as it may, we have endeavoured to show that
in the realm of pure science there are associations of

mystery and romance quite as interesting as the associate

ideas of Druidic ceremonial and cult, and almost as

fascinating as the legendary significance of kissing under
the mistletoe, with all its far-reaching or, it may be, quite

ephemeral consequences. Then the bird itself has been
the object of much study and an infinity of " fine writing."

The habits are now well known, and have been fi-equently

described. To our mind, its piercing but sweet strain of

music, poured forth in the pauses of a wild February or

March storm, possess the additional charm of mystery
because, like the music of the robin or the wren, we cannot
reconcile such voluntary bursts with the theory of sexual
rivalry as the origin of avian song.

Some 3:icfcnt patents.

Messrs. R. & J. Beck are introducing a new patent called the
Card-case Opera G-lass. This ingenious invention consists of eye-

pieces and object-glasses without connecting tubes. It folds up flat

into a small space, and weighs only three and a half ounces. The

lenses are fairly good, and the glass will, no doubt, prove valuable to

naturalists amongst others, as it can always be carried about without

inconvenience. It would, however, be useless in wet weather, as the

glasses have no protection.
»-*^

J. B. W. Betts, of Plymouth. An improved apparatus for the

production of bauds of colour by the rotation of certain forms of any
size, material or shape. This apparatus is intended for the same
purpose as the spectrum top noticed in our coliuaus some time ago.

It consists of a wheel connected with an upright, on which designs

(of different shape- and mai-ked in different ways with black lines)
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are fixed. By turning the wheel the design reTolves. This action

produces bands of colour in jtlacc of the blaek lines, and when the

motion is rcvirsed the colours of the Lauds ehuut;*,. The chronio-

scope is being produced bv Messrs. George Philip and Son, of Fleet
Street, E.G.

'

THE FACE OF THE SKY FOR DECEMBER.
By Herbert Sadler, F.E.A.S.

SUNSPOTS and faculie are slowly but surely decreasing

in number and magnitude. Conveniently observable
minima of Algol occur at lOh. 58m. p.m. on the

2nd ; at 7h. 47m. p.m. on the 5th ; at 9h. 29m. p.m.

on the 25th ; and at 6h. 18m. p.m. on the 28th.

A maximum of Omicron (Mira) Ceti is due on the 9th.

Venus is a morning star, and is still a resplendent object

in the eastern sky. On the 1st she rises at 3h. 17m. a.m.,

with a southern declination of 6° 59', and an apparent

diameter of 23J", tVo^^'S of ^^^ ^'^^'^ being illuminated.

On the 7th she rises at 3h. 27m. a.m., with a southern
declination of 9^ 0', and an apparent diameter of 221",

^%ths of the disc being illuminated. On the 17th she

rises at 3h. 47m. a.m., with a southern declination of

12° 24', and an apparent diameter of 20^", xV'irtts of the

disc being illuminated. On the 24th she rises at 4h. 2m.
A.M., with a southern declination of 14° 40', and an
apparent diameter of 19

", VVo'^^ of ^^^ "^isc being
illuminated. On the 31st she rises at 4h. 19m. a.m., or

three and three-quarter hours before the Sim, with a

southern declination of 16° 47', and an apparent diameter
of 18-0", t5b''1is of the disc being illuminated. She is in

conjunction with Saturn at 9h. a.m. on the 22nd, 33' to

the north. During the month she passes from Virgo,

through part of Libra, to the confines of Scorpio.

Mercury, Mars, Saturn, and Uranus are all, for the

observer's purposes, invisible.

Jupiter is an evening star. On the 1st he rises at 8h. 21m.
P.M., with a northern declination of 18 30 , and an apparent
equatorial diameter of 421

, the phase amounting to y^ .

On the 6th he rises at 8h. p.m., with a northern declination of

18 88\ and an apparent equatorial diameter of 43| . On
the 16th he rises at 7h. I8m. p.m., with a northern declination

of 18° 43', and an apparent equatorial diameter of 44^".

On the 20th he rises at 6h. 32m. p.m., or two and a half hours
after sunset, with a northern declination of 18" 58', and an
apparent equatorial diameter of 45^''. On the 31st he rises

at 6h. 10m. P.M. with a northern declination of 19° 7', and an
apparent equatorial diameter of 4ot". During the month
he describes a short retrograde path in Cancer, being about
i° NE. of S Cancri at the end of the month. The

following phenomena of the satellites occur while the

planet is more than 8° above and the Sun 8"^ below the

horizon. On the 1st an occultation reappearance of the

first satellite at 3h. Om. a.m. ; an eclipse disappearance of

the second satellite at 4h. 18m. 423. am.; a transit ingress

of the first satellite at 9h. 58m. p.m., and a transit egress

of its shadow at lib. 12m. p.m. ; an eclipse reappearance
of the fourth satellite at lib. 58m. 34s. p.m. On the 2nd
a transit egress of the first satellite at Oh. 18m. a.m. ; an
occultation disappearance of the fourth satellite at 5h. 58m.
A.M. ; an occultation reappearance of the first satellite at

9h. 27m. P.M. ; a transit ingress of the shadow of the

second satellite at lOh. 36m. p.m. On the 3rd a transit

ingress of the second satelhte at Oh. 47m. a.m., a transit

egress of its shadow at Ih. 39m. a.m., and a transit egress

of the satellite at 3h. 42m. a.m. On the 4th an occultation

reappearance of the second satellite at lOh. 39m. p.m. On
the 6th a transit ingress of the shadow of the third

satellite at lOh. 29m. p.m. On the 7th a transit egress of

the shadow of the third satellite at 2h. 3m. a.m., a transit

ingress of the satellite at 2h. 35m. a.m., a transit ingress of

the shadow of the first satellite at 4h. 18m. a.m., a transit

ingress of the satellite at 5h. 19m. a.m. ; a transit egress

of the third satellite at 6h. 15m. a.m. ; a transit egress of

the shadow of the first satellite at 6h. 37m. a.m. On the

8th an eclipse disappearance of the first satellite at

Ih. 29m. 31s. a.m., its occultation reappearance at 4h. 48m.
A.M. ; an eclipse disappearance of the second satellite at

6h. 54m. 36s. a.m. ; a transit ingress of the shadow of the

first satellite at lOh. 46m. p.m., and of the satellite at

llh. 46m. P.M. On the 9th a transit egress of the shadow of

the first satellite at Ih. 6m. a.m., of the satellite at 2h. 6m.
A.M., and its occultation reappearance at llh. 15m. a.m.

On the lOth a transit ingress of the shadow of the

second satelhte at Ih. 10m. a.m., of the satellite at Sh. 9m.
A.M., an egress of the shadow at 4h. 3m. a.m., a transit

ingress of the shadow of the fourth satellite at 4h. 6m.
A.M., a transit egress of the second satellite at Oh. 4m. a.m.

On the 12th an occultation reappearance of the second

satelhte at lb. 2m. a.m. On the 14th a transit ingress of

the shadow of the third satellite at 2h. 20m. a.m., and
its egress at 6h. 2m. a.m.; and a transit ingress of the

satellite at 6h. 7m. a.m., a transit ingress of the shadow of

the first satellite at Oh. 11m. a.m. On the 15th an eclipse

disappearance of the first satellite at 3h. 22m. 51s. a.m.; an
occultation reappearance of the first satellite at Oh. 35m.
a.m. On the 16th a transit ingress of the shadow of the

first satellite at Oh. 40m. a.m., of the satellite at Ih. 33m. a.m.

an egress of the shadow at 3h. Om. a.m., of the satellite at

3h. 53m. A.M., its eclipse disappearance at 9h. 51m. lis.

P.M. On the 17th an occultation reappearance of the first

satellite at lb. Im. a.m., a transit ingress of the shadow
of the second satellite at 3h. 43m. a.m., a transit ingress of

the satellite at 5h. 28m. a.m., an egress of its shadow at

Oh. 37m. a.m., a transit egress of the shadow of the first

satellite at 9h. 28m. p.m., its egress at lOh. 20m. p.m. ; an
occultation reappearance of the third satellite at llh. 24m.
p.m. On the I8th an occultation disappearance of the

fourth satellite at 9h. 33m. p.m., an eclipse disappearance

of the second satellite at lOh. 47m. 57s. p.m. On the 19th

an occultation reappearance of the fourth satelhte at

2h. 16m. A.M., an occultation reappearance of the second

satellite at 3h. 23m. a.m. On the 20th a transit egress of

the second satellite at 9h. 33m. p.m. On the 21st a transit

ingress of the shadow of the third satellite at Oh. 20m. a.m.

On the 22nd an echpse disappearance of the first satellite

at 6h. 10m. 18s. a.m. On the 23rd a transit ingress of the

shadow of the first satellite at 2h. 34m. a.m., of the

satellite at 3h. 19m. a.m. ; an egress of the shadow at
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4h. 53m. P.M., of the satellite at 5h. 89m. p.m., its eclipse

disappearance at llh. 44m. SOa. p.m. On the 24th an
oecultation reappearance of the first satellite at 2h. 47m.
A.M., a transit ingress of the shadow of the second satellite

at Oh. 18m. a.m., an eclipse disappearance of the third

satellite at 8h. 20m. 15s. p.m.; a transit ingress of the

shadow of the first satellite at 9h. 2m. p.m., of the satellite

at Oh. 45m. p.m., a transit egress of its shadow at llh. 22m.
P.M. On the 25th a transit egress of the first satellite at

Oh. om. A.M., an oecultation reappearance of the third

satellite at 2h. 4!)m. a.m., an oecultation reappearance of

the first satellite at Oh. 13m. p.m. On the 26th an eclipse

disappearance of the second satellite at Ih. 23m. 453. a.m.,

and its oecultation reappearance at 5h. 42m. a.m.; a transit

ingress of the shadow of the fourth satellite at lOh. 4m.
P.M. On the 27th a transit egress of the shadow of the

fourth satellite at 2h. 88m. a.m., and an ingress of the

satellite at 4h. 10m. a.m. ; a transit ingress of the shadow
of the second satellite at 7h. 35m. p.m., of the satellite at

8h. 54m. P.M., the egress of the shadow at lOh. 29m. p.m.,

of the satellite at llh. 50m. p.m. On the 20th an eclipse

disappearance of the first satellite at 7h. 9m. 52g. a.m. On
the 30th a transit ingress of the shadow of the first satellite

at 4h. 28m. a.m., of the satellite at 5h. 4m. a.m. ; the

egress of the shadow at 6h. 47m. a.m. On the 31st an
eclipse disappearance of the first satellite at Ih. 38m. 15s.

A.M., its oecultation reappearance at 4h. 31m. a.m., a

transit ingress of its shadow at lOh. 56m. p.m., of the

satellite at llh. 30m. p.m.

Neptune is an evening star, and is well situated for

observation. He rises on the 1st at 4h. 20m. p.m., with
a northern declination of 21° 19', and an apparent
diameter of 2-7''. On the 81st he rises at 2h. 15m. p.m.,

with a northern declination of 2P 15'. On the 16th he is

17^' south of 105 Tauri. A map of the stars near his path
will be found in the Kncilish Mechanic for August 16th.

The Moon is full at 6h. 88m. a.m. on the 2nd ; enters

her last quarter at 7h. Om. a.m. on the 9th ; is new at

6h. 30m. a.m. on the 16th ; enters her first quarter at

5h. 21m. A.M. on the 24th ; and is full at 8h. 31m. p.m. on
the 81st. She is in perigee at 5h. p.m. on the 9th
(distance from the earth 230,130 miles) ; and in apogee
at 8h. A.M. on the 23rd (distance from the earth 251,260
miles^.

<!^(60 Column.
By C. D. LococK, B.A.Oxon.

Communications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Solutions of Xovember Problems.

No. 1.—(T. A. Brock.)

1.—B to Bsq, and mates nest move.

Correct Solutions received from Crossgar, G. A. F.,

W. Willby, A. H. Walker, W. 0. Brigstocke, A. Norseman,
E. W. Brook and Alpha.

An unusually large number of incorrect solutions to this

problem have been sent in, as will appear below.

No. 2.—(A. C. Challenger.)

Key-move.— 1. R x P.

If 1. . . . K to K8 or Q3, 2. R to R5.
1. ... K to B3, 2. R to B7ch.
1. . . Anything else, 2. R to B5.

4)ual after 1. . . . K to K4 by 2. RtoB5ch,or 2. RtoQ7.

Correct Solutions received from L. Bourne, W. Willby,

G. A. F., A. Norseman, E. W. Brook.

E. J. Wood and W. W. Stricl.lond.~li 1. Q to QBSch,
BxK.

L. Bourne.—li 1. B to Q3, P to B4.

.V. Wicdhofit.~U 1. BxP, B to Kt6. In No. 2, if

Q X Pch, K to B4 (best).

G. C. Bcazlci/ and J. Lomond.—If 1. Kt x B, Kt moves.

ir. 0. Brii/stocl.c.—The key-move is correct, but there

are other defences to the threat besides R x B and B to

Kt6 ; e.i/., 1. . . . P to B3 (which allows the Queen to

cover),!. . . . Rx P, 1. . . . Q to B3ch, andl. . . . QtoQS
(a particularly fine variation).

A. Xorsi'iiKdi.—Qaite right ; in fact, R4 was a misprint

for R5.

A. (r. Fellows.—Many thanks ; it appears below. Sorry

to say we know of no four-move tourneys at present. They
are, of course, more common in Germany and Austria than
in England. No communication on the other matter
referred to has yet reached us.

Erratum (November number).—Remark on Mr. Blake-

more's problem : for " Pawn at QR4," read " Pawn at

QR5."

PROBLEMS.

No. 1.

By A. C. Ch4llengek.
Black (11).

White (tl).

White compels Black to mate in two moves.

No. 2.

By A. G. Fellows.

Black (2).

i-m, w m i

m. g^yi i^
m i m
IW
%

I i

'f§

„^mm,^ mMi,^
, i

White (10).

White mates in three moves.
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Chess Sparks. Collected and arranged by J. H. Ellis.

(Longmans, Green & Co.) is. 6d. This attractively

bound volume is a collection of four hundred games of a
lively character and limited to twenty moves each. From
the nature of the conditions it is evident that most of the
brilliancies which occur have their origin in mistalies in

the openings. Much, therefore, may be learnt in the way
of recognizing and avoiding such errors by a study of these

games. Many of the games are not those of recognized
experts, in illustration of one of the mottoes of the book

:

" Little sticks kindle a fire
;

great sticks put it out."

Nevertheless, we should hardly have called Mr. E. Lasker
a "great stick." Space might well have been found for

more than one game to illustrate his winning style. The
compiler includes one game of his own. This we think
his weaker opponent should have won without difficulty

on the thirteenth move.
The book concludes with a chronicle of chess matches

and tournaments played since the year 1824, and an index
of the players of these " Chess Sparks."

CHESS INTELLIGENCE.

It is stated that the great quadrangular (or quintangular)
tournament will begin at St. Petersburg about December
8th. The four players certain are Lasker, Pillsbury,

Steinitz, and Tschigorin. Dr. Tarrasch cannot find time to

play, and it is rumoured that his place will be given to E.
Schifi'ers, who, though next to the five leading prize

winners in the recent Hastings tournament, cannot be
considered as a player of quite the same class. If this be
so, his inclusion in the tournament would quite spoil it as

a championship test ; for his opponents, thinking that they
ought to beat him, would not be content to draw games
which should naturally be drawn, and in playing to win
would not be unlikely to lose. If drawn games were re-

played, as in the great London tournament, this element of

risk would be eliminated ; but this is not likely to be a

condition in the present tournament.

Negotiations are in progress for a representative match
by cable between England and America. There will be
eight or ten players a side, and the match will not take

place till after Mr. Pillsburys return to America, so that

he may be included in the American team.

The fifth Amateur Chess Tournament, in connection
with the Craigside Hydro, Llandudno, will commence on
December Slst. Besides the open competition for the
challenge cup and the usual handicap, there will be a ladies'

handicap and a tournament to decide the championship of

North Wales. This latter event will take place a week
later, and is confined to bondjide residents in North Wales.
Entries for the other events close on December 30th, and
should be sent before then to Mr. A. Firth, Bryn-y-bia,
Llandudno.

Messrs. Lipschiitz and Sbowalter, the two best players
in America after Steinitz and Pillsbury, are now engaged
in a match. The present score is Lipschiitz 2, Sbowalter
1, drawn 1.

We append another game played in the Hastings tourney.
Herr Marco was rather fortunate in escaping with a draw.

" Queen's Gambit Declined."

White. Black.
Pillsbury. Marco.

1. P to Q4 1. P to Q4
2. P to QB4 2. P to K8
8. Kt to QB8 8. Kt to KB3

4.

5.

6.

7.

8.

9.

10.

11.

12.

Kt to B3
B to B4
R to Bsq
P to K3
B toQB
Castles

P to K4
KtxP
BxKt

18. B to Ktsq
14. PxP

KExQ
P to QR3
P to QKt4
Kt to Q4
B to R2
P toB5
PtoB6
P toB7
Kt to B6
KtxP
ExR
R toQ7
B toB4
P toR3
B to R6
KtxB
R toQ3
B to K3
Draw.

4.

5.

6.

7.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

82.

B to K2
Castles

P to QB8
P to QKt3
B to Kt2
QKt to Q2
PxKP
KtxKt
Kt to B3
P toB4
QxQ
BxP

16. KR to Qsq
17. B to K2

Kt to Ksq
P to QR4
RPxP
QB to Bsq
R to Q2
B toB3
ExRch
B to Kt2
K to Bsq
B to K2

28. R to Bsq
29. BxB
30. Kt to B3
31. Kt to Q7
32. K to Ksq.

9.

10.

11.

12.

13.

14.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
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